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Morphology and Cytology of Vallisneria spiralis L. 


Samuel Wenger Witmer 


I.—Introduction 


The order Helobiae, to which the species under discussion belongs, has 
been an especially inviting field for morphological study. Many of the species 
have been investigated. Specialized features have been found which appear 
particularly advantageous for plants that live under aquatic or partially aquatic 
conditions. On the other hand, some unspecialized features have also been 
observed, and of which it may be a question whether they really represent a 
fundamental simplicity in the plant structure or whether they are generalized 
features allowed or necessitated by the comparative evenness of aquatic con- 
ditions. 


The method of pollination in Vallisneria spiralis L.* has long been known 
and has been reinvestigated more recently by Wylie (1917) who also describes 
the occurrence and behavior of sperm cells in this species (Wylie, 1923). This 
plant, as Arber (1920) suggests, is a form intermediate between those that 
are water-pollinated and those that are pollinated in the air. It is thus one of 
the most specialized plants in the order. Furthermore, the plant is essentially 
dioecious. In view of the studies and conditions just mentioned, one is in- 
duced to think that a further investigation of the species may bring out new 
facts which should be valuable in the understanding of structure and relation- 
ship in the monocotylous plants. 


II.—Materials and Methods 


The first collection of material for this investigation was made in the 
summer of 1923. Staminate and pistillate flowers in various stages of devel- 
opment were collected from Lake Mendota, Wisconsin, and placed into fixing 
solutions on dates from June 29 to August 3 inclusive. Some of the material 
was also sectioned and stained during this period and the study of it was 
begun. My acknowledgments are due to Dr. C. E. Allen of the department 
of Botany, University of Wisconsin, for suggesting this plant and encouraging 
this investigation in its initial stages. 


* Nomenclature is that of Gray's New Manual of Botany (7th ed. 1908) though 
the name V. americana Michx. is often used for plants from America. 


309 


| 
| 
| 
E 


310 THE AMERICAN MIDLAND NATURALIST 


The sectioning and staining of material already collected was resumed in 
the autumn of 1933. Mature plants were also obtained from a lake near 
Bloomington, Indiana, on November 6, 1933 and cultured in the greenhouse 
of the department of Botany at Indiana University. These cultured plants 
produced pistils, some of which were fixed and embedded. A new supply of 
material was collected from Lake Mendota on dates from August 13 to Aug- 
ust 25 inclusive, 1934. On the last date of collection, maturing fruits were 
also taken, transported to Bloomington, Indiana, and kept alive in jars con- 
taining water. From these fruits, seeds were fixed the following September 
and October. Mature and unpollinated pistils were collected and preserved 
from a hydraulic canal at Goshen, Indiana on August 24, 1926 and again on 
August 29, 1934. 


Of the several fixing solutions used, a Flemming’s medium solution yielded 
the best results. The strong solution sometimes gave just as good results as 
did the medium solution. Chromo-acetic and formalin-acetic-alcohol solu- 
tions were satisfactory for some phases of the study. Sections were cut to a 
thickness of from 5 to 25 microns depending on the organ sectioned and the 
purpose. Some sections were stained by Heidenhain’s iron-alum haematoxylin 
method. Most of the results of the study are based on sections stained by 
Flemming’s triple (safranin-gentian violet-orange} method. 


III.—Investigation and Discussion 
A. THE STAMINATE FLOWER 
1. Floral Development 


Several staminate inflorescences in different stages may be found on the 
same individual plant. These inflorescences are attached in the axils of the 
leaves and remain submerged during development although the individual 
flowers rise to the surface of the water when detached at maturity. The in- 
florescences consist of a spadix, on which the large number of male flowers 
are attached, surrounded by a spathe (Fig. 1). 

The individual flower consists of three sepals, one rudimentary petal, two 
stamens and one staminodium. Figure 2 represents a cross section of a nearly 
mature and still closed flower. The staminodium is not present in this sec- 
tion. The zygomorphic nature of the flower seems to be associated largely 
with the fact that only two stamens are formed. The small sepal which is the 
first to open when the flower floats on the water following its abscission from 
the spadix, occurs on the upper, adaxial side of the flower (Fig. 2,4). 


The youngest male flowers that were observed are rounded primordia push- 
ing outward on the surface of the spadix as shown in figure 1. Each primor- 
dium consists of an epidermal layer enclosing a group of cells (Fig. 3). As 
the flower primordium elongates, the terminal part thickens (Fig. 4). From 
this thickened end the various parts of the flower will form. The narrow basal 
part forms the pedicel of the flower. Figure 5 shows a cross section of the 
terminal part at a little later stage when the three sepals have begun to de- 
velop, leaving the remaining cells as an undifferentiated group in the center. 
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The staminodium and the rudimentary petal are cut off from opposite sides 
of the remaining central and terminal mass of cells (Fig. 6,4). What still 
remains in the center goes to form the two stamens. 

Most of the flowers in the upper part of the spadix exhibit more advanced 
stages in development. In one inflorescence, for example, the flowers in the 
apical region have sepals long enough to partly enclose the flower across the 
top. In the middle region of the inflorescence the flowers have sepals which 
only begin to curve over the top of the flower. Flowers in the basal part have 
not yet begun to form sepals. These, of course, are average conditions. Some 
flowers may be advanced beyond or lagging behind the stage prevailing among 
their neighbors. Perhaps the succession of development from apex to base 
is to be correlated with the fact that when mature, the flowers become func- 
tional in this successive order. Further on, other successions in development 
will be noted. 


2. Microsporogenesis 


A layer of hypodermal cells appears in the central mass of tissue before 
it becomes divided into the two stamens. The layer extends at right angles 
to the long axis of the flower (Fig. 7). At first the cells of this layer differ 
from the surrounding cells chiefly in the fact that they form a definite hy- 
podermal layer. Later, it is evident that they have denser protoplasmic con- 
tents, larger nuclei and the cells themselves are elongated in a direction 
parallel with the long axis of the flower. 


The two stamens come into existence by the depression of the epidermal 
layer in the center and a sterilization of the hypodermal archesporial cells in 
that region (Fig. 8). This separates the hypodermal cells into two groups. 
By this time these sporogenous cells have increased in number, have lost the 
palisade form, but are still distinguished from surrounding cells by denser 
protoplasm. 

A second sterilization process divides each of the two groups of sporo- 
genous cells resulting in four groups,—two to each stamen (Fig. 9). These 
groups represent the two loculi in each anther. The sporogenous cells in the 
loculus divide and form a parietal layer on the side of the epidermis. The 
larger cells remaining in a more interior location are the microspore mother 
cells. The cells of the parietal layer in turn divide forming an outer, wall 
layer, which lines the epidermis and an inner, tapetal layer (Fig. 11,t), which 
surrounds the spore mother cells. Figure 10 shows the parietal layer between 
the epidermis and the spore mother cells. Two of the parietal cells shown 
have recently undergone the division that has just been described. In some 
cases tapetal cells may be supplied by the spore mother cells. In other cases 
tapetal cells divide, thus forming a layer outside of the spore mother cells with 
a thickness of four cells instead of the usual three. In still other cases the 
layer of cells next outside of the tapetum also takes on the appearance of a 
tapetum, thus making a two-layered tapetum. 

The sporogenous cells which have not undergone sterilization in the sub- 
division of the original group and in forming the layers described above, are 
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the microspore mother cells. There are most commonly five, six or seven of 
these cells in each of the two loculi belonging to one stamen. The orienta- 
tion of the loculi in this plant is an unusual one. The long axis of the loculus 
is at right angles to the longitudinal axis of the stamen (Fig. 11). The mother 
cells form a single row except at the ends of the loculus where there is a ten- 
dency to form more than one row. It is readily seen that such an arrange- 
ment of loculi allows a transverse section through the flower to be longitudinal 
through the loculi as is the case represented in figure 2. In this figure the 
loculi are shown filled with immature pollen spores. 


One of the problems is to homologize the two loculi found in one stamen 
of this plant with the four-sporangiate condition so generally found in the 
stamens of angiosperms. Campbell (1897) found that the condition of a 
single loculus to a stamen is representative for the genus Naias. In Naias 
flexilis, however, some stamens were found that had a partition dividing the 
sporogenous mass into two loculi. Conditions intermediate between the one 
loculus and the two-loculate type were found. In Naias major four loculi to 
the anther occur. Campbell thinks that the single loculus represents the 
primitive condition and that a plural number are formed by the dividing of 
the original one. 


The findings in this study of Vallisneria are in some respects similar to 
those just cited for Naias. In Vallisneria, however, it appears that we have 
the types from the single loculus through intermediate stages to the four- 
loculate condition, all represented in one species. It has already been shown 
above, that, typically, the sterilization of some of the sporogenous cells results 
in two loculi to the anther. In several instances observed the process of steti- 
lization failed to go far enough to form a complete partition between the two 
loculi. This results in allowing the two loculi to remain connected at one end, 
in which case one continuous horseshoe-shaped row of spore mother cells is 
formed (Fig. 12). It may also be noted here that all such connections ob- 
served occur toward the adaxial side of the flower. 


In attempting to determine how many microsporangia are represented in 
an anther of Vallisneria, attention was drawn to the ends of the loculi. The 
fact, already mentioned above, is, that a greater amount of sporogenous tissue 
occurs in the ends. This suggests that the four ends of the two loculi may be 
the true microsporangia. These four sporangia develop little in the direction 
of the longitudinal axis of the stamen and their transverse connections uniting 
them in pairs form two loculi situated transversely in the stamen. 


As the examination of material continued, staminate flowers were found 
in which sterilization has proceeded to the point of separating the two ends 
of loculi and in this manner forming four microsporangia similar to those reg- 
ularly found in angiosperms. All gradations were found from four loculi to 
the flower to the condition of eight loculi. Figure 13 illustrates an anther in 
which sterilization proceeded to the point of separating the sporogenous tissue 
on one side into two sporangia, although on the other side the sporogenous 
tissue remains connected in the usual manner in the form of a transverse 
loculus. Finally, it was observed that when the ends of the usual type of loc- 
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ulus were separated as distinct sporangia, these sporangia developed in a direc- 
tion parallel with, instead of transverse to the longitudinal axis of the stamen. 
In this point Vallisneria, when the microsporangia are separated, still further 
simulates the usual angiospermous condition. 

From the description already given, it is seen that the spore mother cells 
of both anthers of a flower arise from a common archesporium instead of from 
eight independent, sporangial groups of archesporial cells as is common for 
angiosperms. In this respect Vallisneria recalls the condition described by 
Caldwell (1899) for Lemna minor. The question of the identity of the 
microsporangium is discussed by Coulter and Chamberlain (1903). If the 
archesporium is to be considered the sporangium, then in Vallisneria the two 
stamens together have only one sporangium. May it be that there is only one 
stamen in the male flower of Vallisneria? The union of the basal portions of 
the two filaments would favor this view. On the other hand, it would seem 
that the relative positions of the floral parts and the occasional presence of 
eight microsporangia, indicates that there are here two stamens. 


After the microspore mother cells have enlarged, they undergo the meiotic 
divisions. The spindle figures of the first division lie at right angles to the 
longitudinal axis of the loculus. The figures of the second division lie in the 
same plane as those of the first. This results in the formation of a flat (bi- 
lateral) tetrad, the four members of which are most frequently visible in a 
transverse section of the loculus (Fig. 14). A longitudinal section of a loc- 
ulus shows most or all of the tetrads in the loculus; but, as the tetrads are 
viewed edgewise only two members of each may be visible. 


The cells of the tetrad separate as shown in the outer loculus of the two 
represented in figure 14. A little later the tapetum which has up to this point 
formed a jacket of definite cells around the young microspores, breaks open 
toward the interior of the loculus. In this manner the cytoplasm is released. 
Part of it flows into the cavity of the loculus among the microspores, forming 
a periplasmodium (Fig. 15). Some of the tapetal nuclei also move interiorly 
in the periplasmodium which evidently nourishes the developing microspores. 
At this stage the exine, a heavy spiny wall of the pollen spore is evident for 
the first time. 


Just as the floral parts in the upper portion of the inflorescence develop in 
advance of those in the lower portion, so microsporogenesis in the upper 
flowers runs ahead of the same process in the lower flowers. In one inflor- 
escence, for example, there were various stages ranging from the cutting off 
of the tapetal cells in the lowermost flowers to the first contractions of the 
nucleus of the spore mother cell in the uppermost flowers. Advanced develop- 
ment is also noted in the outer loculi as it has already been pointed out in 
figure 14. 


3. The Development of the Pollen Spore 


The microspores, likely to be irregular in shape (Fig. 15), possess an 
exine; but an intine does not appear until later. A denser mass of cytoplasm 
usually occurs in the central part of the cell and the primary microspore 
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nucleus occupies a position a little to one side. In this position the nucleus 
undergoes mitotic division and gives off a smaller, antheridial nucleus to one 
side or corner of the microspore. A cell plate is well developed and forms, 
what is especially noteworthy, a definite cell wall (Fig. 16) which cuts off 
an antheridial cell. The larger, tube cell occupies the main part of the micro- 
spore and it retains the denser mass of cytoplasm in its central portion. 


A much discussed question is whether the aquatic monocotyledonous plants 
possess primitive or degenerative characters. A definite cell wall formed with- 
in the microspore recalls similar conditions found in lower groups. This one 
feature alone would indicate a primitive rather than a degenerative nature. 


A rather complete series of stages in the development of the pollen spore 
was obtained. It is, therefore, possible to follow the history of the antheridial 
cell and the development of the sperms in some detail. 


The definite cell wall separating the antheridial cell from the tube cell dis- 
appears (Fig. 17) leaving a narrow clear space between the plasmic membranes 
which remain on either side. The antheridial cell becomes rounded and, to an 
increasing extent, it projects into the interior of the pollen spore. Contact 
with the outer wall, is at the same time lessening (Fig. 18) and eventually 
lost, as the cell migrates in a more rounded form into an interior location. By 
this time the intine has appeared. The denser central mass of cytoplasm has 
been replaced by vacuoles which reach their maximum in size and form in a 
single, large, central vacuole (Fig. 19). 


Located in the interior, the antheridiai cell gradually assumes an elongated 
form (Fig. 19) and eventually it becomes spindle-shaped with pointed ends 
(Fig. 20). The cell is also likely to be somewhat curved and frequently the 
ends lie in contact with the opposite walls of the spore. The large vacuole 
which occupied the center of the spore has by this time disappeared. A com- 
paratively continuous and even mass of cytoplasm again fills the spore. 


The division of the antheridial cell and the organization of the two sperm 
cells resulting from this division is of special interest. It involves the appor- 
tioning of cytoplasm as well as of nuclear material. The cytoplasm of the 
sperm, Wylie (1923) has pointed out in Vallisneria, probably has a part in 
the fusion of the sperm with the egg. The sperm cells formed in the division 
become spindle-shaped and finally lie in contact with one another only by 
their pointed ends. This raises a question concerning the method by which 
the cytoplasm may be divided so as to result in this condition. 

In describing the division of the generative cell in Elodea canadensis, Wylie 
(1904) states that a partition is formed between the daughter nuclei. He 
observes also that the adjoined ends of the male cells become long drawn out 
and when fully formed are connected by their tips. 


Herrig (1919) observed in Echeveria Desmetiana that a spindle-shaped 
generative cell divides soon after it has passed into the pollen tube. In the 
binucleate condition the generative cells were sometimes found somewhat con- 
stricted in the middle. No sign of a separation membrane between the two 
nuclei was observed. Later, the two cells are distinctly separated and of an 
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elongated, oval form. But a clearly defined intermediate stage was not ob- 
served. 

Piech (1924) finds in Scirpus lacustris L. that the anaphase brings about 
a characteristic elongation of the spindle-shaped generative cell, which becomes 
much narrowed in the middle and finally the two sperms, also spindle-shaped, 
are formed by the tearing apart of the equatorial part of the phragmoplast. 

Finn (1925) observed in Asclepias Cornuti a prominent cell plate taking 
part in the separation of the protoplasts of the two newly formed male cells. 
This author also states that Murbeck and Graves have shown that in Ruppia 
the division of the generative nucleus is followed by a laying down of a rather 
fine cell plate. 

Poddubnaja (1927) working on Echinops sphaerocephalus refers to the 
division of the spindle-shaped generative cell. He states that at the equator 
of the spindle a thin delicate wall is laid down. In this manner the two 
nuclei are separated and each has its own cytoplasmic envelope. 

In the present study of Vallisneria spiralis, two factors are observed to effect 
the division of the cytoplasm of the antheridial cell and to separate the two 
resulting sperm cells. These two factors are the cell plate and the constriction 
of the antheridial cell in the region between the two daughter nuclei. These 
two factors vary in their importance. Either may be almost entirely excluded 
from the process of division itself. 

In the earlier telophases of the division of the antheridial nucleus a definite 


cell plate occurs (Fig. 21). Generally, this cell plate fades to a considerable 
extent, leaving the actual separation of the sperm cells to a constriction which 
soon develops (Fig. 22). In some cases (Fig. 23), no cell plate is any longer 
discernible while a broad constriction is in process of dividing the cytoplasm. 
The weak cell plate may, during the constriction, be drawn into an oblique 
position, or the deepest part of the constriction may not coincide with the 
position of the cell plate. 


In other instances the cell plate is more persistent. The progress of the 
constriction may even be delayed in the region of the cell plate (Fig. 24) al- 
though evident on either side of it. The constriction may at first be narrow 
and involve the cell plate by serving to separate the two plasma membranes 
formed and pushing them back in the process of tapering the ends by which 
the sperm cells remain connected. Finally, there are instances in which the 
splitting of the cell plate separates the sperms before the constriction has 
progressed far (Fig. 25). In a few instances a slight shrinkage served to 
demonstrate that the sperm cells may easily break apart at the cell plate before 
there is any constriction. 

The completely formed sperm cells are spindle-shaped and may have various 
positions within the pollen spore. Commonly they form a V-shaped figure 
about the tube nucleus (Fig. 26). In the mature pollen spore the cytoplasm 
of the sperm cells is readily distinguished from the starch-filled cytoplasm of 
the pollen spore proper. With Flemming’s triple stain, the sperm cell may 
be made to appear orange-colored in contrast to the intense blue of the sur- 
rounding starch grains. 
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The exine of the pollen spore, it has been noted, appears soon after the 
tetrads have broken apart and the microspores are still in the one-nucleate 
stage. Wylie (1923) refers to the pollen grain of Vallisneria spiralis L. as 
having a nearly smooth surface. Figure 27 shows sections of the exine, at 
high magnification, as found in mature pollen spores. The figure shows the 
relative length and number of the spines which form part of the exine and 
project outwardly ou the surface of the pollen spore. 

Advanced development in the terminal part of the inflorescence was noted 
again in connection with the development of the pollen spore. In one ex- 
ample, the microspores in the basal part contained a large vacuole and the 
antheridial cells were only beginning to assume the shape of a spindle. In the 
middle region there were fewer vacuoles and many spindle-shaped antheridial 
cells. In the apical region of the inflorescence the antheridial cells were in 
process of division and forming the sperm cells. 


B. Tue PIsTILLATE FLOWER 
1. Structure of the Flower 


The pistillate flower develops under water. As development proceeds the 
scape of the flower elongates, slowly at first, more rapidly when the embryo 
sacs are practically mature. The scape usually continues to elongate even 
after the tip of the flower has reached the surface of the water and enough 
scape is formed to allow the pistil to lie horizontally on the water by the time 
the flower opens. It is in this horizontal position of the pistillate flower that 
pollination occurs. Subsequent to pollination the scape begins to coil and the 
pistil is tipped, base downward, again leaving only the apex of the flower 
at the surface. 


The pistillate flower is epigynous. The three sepals are attached to the 
outer edge of the receptacle at the upper end of the ovulary. The three rudi- 
mentary petals, alternating with the sepals, are situated on the flattened space 
of the receptacle between the base of the calyx and the base of the style. The 
three staminodia are situated a short distance up on the style. They remain 
very small and entirely functionless as far as the production of pollen is con- 
cerned. The style is hollow in the mature flower. The ovularian cavity, 
therefore, is open to the exterior through this stylar canal (Fig. 28). This 
condition offers a contrast to that found by Wylie (1904) in Elodea cana- 
densis. This investigator finds in Elodea a triradiate canal extending up 
through the center from the cavity of the young ovulary to the exterior at the 
stigmas. But as development progresses the parts above coalesce and the 
cavity of the ovulary is roofed over. In Vallisneria spiralis the cavity of the 
ovulary communicates with the exterior through the stylar canal at maturity 
as well as during the stages of development. 

Figure 29 shows a cross section of the ovulary. This particular ovulary 
has four main conducting strands instead of the usual three found accompany- 
ing the paired projections. The orthotropous ovules are surrounded by a 
mucilage which the fixing solution did not dissolve in this case and which 
may frequently remain undissolved when certain fixing solutions are used. 
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The three pairs of projections shown in the figure extend only a short distance 
into the cavity of the ovulary. 

Troll (1931) finds that each pair of these projections constitutes the mar- 
gins of the two adjoining carpels. The three carpels, he explains, are really 
sepatate—an apocarpous condition. The tissue on the outer sides and between 
the carpels is axial tissue. Applying Troll’s interpretation, we may add that 
the carpels are also connected in this manner in the lower part of the style. 
In the upper part of the style the three carpels are actually separated (Fig. 
30), very much as Troll observed them at the level of the ovulary in other 
genera considered to be more primitive members of the order to which Vallis- 
neria belongs. Each of the three carpels represented in figure 30 is an upward 
continuation of a carpel of the ovulary shown in figure 29. Each carpel, it is 
seen, is open throughout its entire length from the base of the ovulary to the 
stigma. The protruding margins of each carpel are continued upward through 
the stylar region and terminate in the two parts of one of the three stigma 


lobes. 


A more extensive study of the anatomy of the female flower does not fall 
within the scope of the present paper. Otherwise, what is presented here should 
be supplemented by an approach to the subject in the light of the solid carpel 
theory developed by Edith R. Saunders. 


2. Development of the Ovule and Megasporogenesis 


In the youngest pistils sectioned, the ovules had already begun to develop 
as rounded knobs consisting of an epidermal layer covering about three layers 
of cells lying in the interior (Fig. 31). A hypodermal archesporial cell then 
appears (Fig. 32). It may be distinguished from surrounding cells by its 
larger size, its larger nucleus, the more even distribution of material on the 
nuclear reticulum and by the different staining reactions of this reticulum. It 
stains somewhat red as compared with the blue in the nuclear reticula of 
surrounding cells when Flemming’s triple stain is used. 


The division of the archesporial cell results in the megaspore mother cell 
and a primary parietal cell which lies between the mother cell and the epi- 
dermis. The parietal cell undergoes division and thus two or more cells 
eventually come to lie between the mother cell and the epidermis. 


The megaspore mother cell frequently is of such form and position that a 
pointed end is directed toward the base of the ovule (Fig. 33). By the time 
the mother cell has been formed, the outer and inner integuments of the ovule 
are indicated (Fig. 33) in the epidermal layer. In the main, the development 
of the integuments and the development of the megaspore mother cell run 
parallel,—a feature utilized by Mottier (1909) in a cytological investigation of 
Lilium. In Vallisneria spiralis, the inner integument has risen to the level of 
the base of the mother cell when the latter is mature and its nucleus still in 
the resting stage (Fig. 34). At this stage the two cell-layers of the inner in- 
tegument have split apart and they occur slightly separated throughout most 
of the length of the integument. During the stages of the first contraction 
of the nucleus of the mother cell, the inner integument continues to rise. At 
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the stage of the hollow spirem it reaches the level of the top of the mother 
cell. By this time the outer integument also has split into two slightly sep- 
arated layers. It, however, continues to lag behind the inner integument in 
the whole development of the ovule. 


From the stage of the hollow spirem on, the mother cell elongates very 
noticeably in the direction of the longitudinal axis of the ovule. When the 
bivalent chromosomes have formed and before a spindle of achromatic fibers 
has been organized, the cytoplasm exhibits masses of fibers (Fig. 35) similar 
to those observed by Mottier (1897) in Podophyllum and in other plants. 
In the first meiotic division, the upper half of the spindle was found to be 
distinctly curved (Fig. 36). 

The two cells resulting from the first division are slightly separated along 
part of the interlying boundary. The lower cell is the larger of the two. The 
outer integument at this stage has risen to the level of the base of the lower 
cell and the inner integument exceeds the nucellus in height. 

The second meiotic division occurs with the two division figures not always 
in the same relation to each other. This results in three different types of 
tetrad arrangements of the megaspores. Figure 37 represents one of the linear 
tetrads. The second cell from the top is somewhat back of the others. In 
none of the linear tetrads observed are all of the four cells actually in a 
straight line or on the same plane. The second type of tetrad encountered 
in this plant is the socalled T-type. The two lower megaspores lie in the 
longitudinal axis of the ovule, while the outer two lie transversely (Fig. 38). 


Such an arrangement of the megaspores has been described by Rosendahl 
(1909) for Symplocarpus foetidus. In Vallisneria spiralis the wall separating 
the upper two cells is sometimes so delicate that it could easily be overlooked, 
and, since the nuclei degenerate early, the group of cells could be mistaken for 
three instead of four megaspores. 


The third type of tetrad is more nearly a true tetrad in the form of a 
tetrahedron. Figure 39 represents a second division forming this type of 
tetrad. The lower division figure lies obliquely in the ovule and shows that 
the process has run ahead of that represented in the upper division figure. 
The lower cell is in telophase and the upper cell is in a late anaphase which 
has been sectioned transversely through the spindle fibers. The chromosome 
groups which belong to the upper division figure (Fig. 39,4 and 6) are found 
in the adjacent sections. 

The meiotic divisions take place in such a manner that the lowermost, 
functional megaspore is at once the largest of the four. The three megaspores 
which do not function, disintegrate. Traces of them may be seen during 
enlargement of the functional megaspore (Fig. 40) and during subsequent 
development of the embryo sac (Fig. 41). 

Just as different stages of development are found at different levels in the 
male inflorescence, it is likewise found that ovules at different levels are found 
in different stages in the same ovulary. In this case, however, the more ad- 
vanced stages are found in the basal instead of in the upper part of the 
ovulary. In one example, ovules in the upper end of the ovulary show the 
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first contraction of the mother cell nucleus. Ovules in the basal end are found 
to contain the daughter cells of the first meiotic division and stages inter- 
mediate between these two occur in the middle parts of the ovulary. No 
correlations are here observed between differences in development and differ- 
ences in function. 


3. Development of the Embryo Sac 


When the functional megaspore enlarges as the one-nucleate stage of the 
developing embryo sac (Fig. 40), a large vacuole develops below the nucleus, 
in the chalazal end of the sac. In the two-nucleate stage this vacuole dimin- 
ishes and a new and much larger vacuole occupies the central part of the sac 
between the two nuclei. From this stage on, the embryo sac consists chiefly 
of a large central vacuole, a thin parietal layer of cytoplasm and, at each end, 
larger masses of cytoplasm in which the nuclei are contained. 

By the time the embryo sac has reached the four-nucleate stage (Fig. 41), 
it has not only increased in size; it has changed in shape. The micropylar 
end has greatly widened and the antipodal end is narrowed into a sort of 
pocket. The nuclei at each end are arranged accordingly. In the micro- 
pylar end, the nuclei are lined up transversely to the longitudinal axis of the 
sac; in the antipodal end the orientation is obliquely longitudinal. Early 
eight-nucleate stages before the spindle fibers had disappeared and before the 


mature embryo sac had been organized, were also observed. 


The mature embryo sac is of the socalled normal type (Fig. 42), accord- 
ing to the terminology employed by Schnarf (1931). There are eight nuclei 
distributed among the seven cells. The two polar nuclei lie in the central 
part of the sac. They are approximately equal in size and are the largest 
nuclei in the embryo sac. The egg nucleus is second in size, and, as long as 
it is unfecundated, it is nearly as large as a polar nucleus. A synergid nu- 
cleus has a diameter two-thirds, and an antipodal one-third of the diameter of 
a polar nucleus. Male nuclei that have just escaped from the pollen tube into 
the embryo sac are found to measure in diameter about half as much as a 
polar nucleus. 


A specialized tip of the embryo sac is formed by the terminal portions of 
the two synergids together (Figs. 42 and 45). The cell wall separating the 
synergid cells proper, extends on through this specialized apex in a manner 
that imparts to it approximate bilateral symmetry. At the very tip, a number 
of striations extend from the median cell wall a short distance down each side. 
The region bearing striations is stained a bright orange when treated with 
Flemming’s triple stain. Below the striated orange-colored area is a clear 
zone which is sharply marked off from the main cytoplasmic mass of the 
synergid cells. 

The egg cell does not extend to the very apex of the embryo sac as do the 
synergids. In a profile view of the egg apparatus this feature is seen as well 
as the fact that the egg cell extends farther in the direction of the chalazal 
end than do the synergids. 


The fusion of the polar nuclei frequently occurs before a pollen tube enters 
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the embryo sac. In fusing, the two polars which had been lying merely in 
contact, become flattened against each other (Fig. 43). Then the nuclear 
membranes dissolve at the point of contact while part of the outline of each 
nucleus remains distinct (Fig. 44) until the fusion is more complete. The 
nucleoli contributed by the polars usually fuse into one large nucleolus and 
the fusion nucleus is larger than either of the polars (Fig. 45). 

The antipodals are usually organized into definite cells, although in some 
instances cell walls are not discernible between the antipodal nuclei of the 
mature embryo sac. Typically, one of the antipodal nuclei is slightly larger 
than the others. The contents of the three nuclei may become quite homo- 
geneous and show signs of disintegration in the mature sac. 


Starch grains are found in some embryo sacs, scattered throughout the 
cytoplasm,—under what particular conditions has not been ascertained. They 
do not occur in as large numbers or in as compact masses as in the pollen 
spores. They are also frequently larger and especially are they more elongated 
than those in the pollen spores. 


4. Anomalous Ovules 


A small number of what may be termed anomalous embryo sacs are found. 
In some of these sacs no nuclei are found at the ends of the sac. All the 
nuclei are in one clump in the central part. In other cases the egg apparatus 
is disintegrating and the polars are separated from each other. 


Double ovules were found in two instances. Mottier (1895) found that 
two embryo sacs to the ovule sometimes occur in Delphinium tricorne. Fig- 
ur 9 of his paper shows two embryo sacs side by side without any intervening 
nucellar tissue. Ferguson (1908) describes and figures two embryo sac mother 
cells in one ovule of Lilium longiflorum. In this case a single layer of nucellar 
cells separates the young embryo sacs. Young (1922) found ovules contain- 
ing two embryo sacs in the Irish potato, Solanum tuberosum. His figure 
shows several layers of cells lying between the sacs. He states that the vas- 
cular strand supplying the ovule, branches in the funiculus, sending a branch 
toward either embryo sac, the larger branch going toward the better developed 
embryo sac. In each case found by Young, one embryo sac was better devel- 
oped than the other. 


Both of the double ovules found in Vallisneria spiralis were sectioned 
transversely. However, in each case all parts of the entire ovule could easily 
be observed section by section.. One ovule (Fig. 46) was sectioned slightly 
obliquely. In this ovule each of the two embryo sacs is surrounded by a 
nucellus; but the two nucelli are fused to a large extent. Each integument is 
single and both are common to the two nucelli. 


The second double ovule (Fig. 47) has two embryo sacs, two nucelli, two 
inner integuments but only one outer integument. It would seem that this 
ovule is double in almost as many parts as is possible without forming two 
separate ovules. In each of these double ovules the two embryo sacs are sup- 
plied with separate conducting strands which are traceable through the double 
funiculus (Fig. 48), into the wall of the ovulary where they are found to 
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arise separately from a larger conducting strand which supplies separate strands 
to other ovules. This suggests that each of the double ovules really consists of 
two ovules which arose from the wall of the ovulary so close together that they 
were engrafted from the start. 


In one of the double ovules (Fig. 46) both of the embryo sacs appear 
typical and approximately equally so. In the other double ovule the condition 
resembles that found by Young. One of the sacs appears typical and functional; 
the other is in a degenerating condition. 


C. FECUNDATION 


Hall (1902) in his study of Limnocharis emarginata believed that fertili- 
zation occurred the night following pollination. To test this matter in Vallis- 
neria spiralis, pistils were marked and artificially pollinated. Most of these 
pistils were fixed close around twelve hours after pollination. The study of 
the material showed that in this time ovules are already supplied with pollen 
tubes and fecundation has usually been completeed. 


In a pistil fixed three hours after pollination, the pollen tubes are found 
in the stylar canal and the ends of most of them have reached the upper part 
of the cavity of the ovulary. In a pistil fixed six hours after pollination, pollen 
tubes have entered some of the embryo sacs but no fecundation was observed. 
A pistil fixed nine hours after pollination shows fecundation taking place. 
These few data will be of aid in making a more extensive study of the time 
elapsing between the pollination and fecundation processes. 


The pollen tubes in their course from the stigma through the stylar canal, 
through the cavity of the ovulary, through the micropyle and finally, through 
the nucellus to the embryo sac, were not observed to penetrate any tissue 
except that of the nucellus and one of the synergid cells. The starch grains 
stored in the pollen spore, as described above, probably contribute to the 
nourishment for the growth of the pollen tube. These starch grains were 
observed to pass down into the tube and in some cases were found in the 
portion of the tube that reached the ovule. 


The sperm cells were observed within the pollen tubes at different points 
between the stigma and the embryo sac. Sometimes they were seen in cystoids 
or swellings at the ends of pollen tubes that had not reached ovules. Figure 
49 shows the two sperm cells and the degenerating tube nucleus in the tip of a 
pollen tube just about to enter a micropyle. In all of these locations it is 
clear that the sperms retain their cytoplasm. 


Sperms within the embryo sac and just emerged from the pollen tube were 
observed. These sperms still retain their cytoplasm. In the material thus far 
studied it is not possible to show anything further concerning the fate of the 
cytoplasm of these male gametes. The male nucleus was observed within the 
cytoplasm of the egg and very near to its nucleus. 

The actual process of fusion of sperm and egg nuclei is represented in 
figure 50. The two nuclei are still largely distinct in this stage. They are 
flattened against each other and the nuclear membranes between them have 
partially dissolved. Although the male nucleus, prior to fecundation, is not 


4 

of the 
larger 

homo- | 
mut the 

They 
pollen 

ngated 
found. 

| 

| 4 


322 THE AMERICAN MIDLAND NATURALIST 


vermiform as in Lilium candidum, described by Mottier (1898), the actual 
fusion of the gametic nuclei resembles this process as illustrated in Mottier’s 
figure 24. 

Later stages in the fusion of sperm and egg were observed. An irregularity 
in the outline of the nucleus of the zygote or a line of contact between the two 
masses of chromatin may indicate such stages. These evidently represent 
temporary conditions following closely the actual process of fusion. 


After the fecundation process has been completed the zygote nucleus differs 
from that of the unfecundated egg in a number of features. It is slightly 
larger. The nuclear membrane is heavier. The chromatin content is denser. 
It contains more nucleolar material,—either a larger nucleolus or two nucleoli. 
These features do not constitute a reliable test for identification, but they may 
very frequently be recognized as subsequent checking with other conditions in 
the embryo sac confirms. 

Brightly staining bodies usually occur in the end of the pollen tube after 
the sperms have been discharged. Sometimes they occur farther up in the 
tube or even in the embryo sac just outside of the tube. They are very com- 
monly two in number. It is noted that Wylie (1923) derives these bodies 
from the tube nucleus. 


D. THe DEVELOPMENT OF THE SEED 
1. The Proembryo 


Before the first division of the zygote occurs, it elongates in the direction 
of the clalaza. Figure 51 shows a stage in the first division of the zygote as 
well as of the primary endosperm nucleus. The development of the endo 
sperm will be discussed separately further on. The first division of the zygote 
results in the basal suspensor cell and the embryonal cell. The basal cell is 
attached to the micropylar end of the embryo sac and does not divide again. 
The distal cell forms the embryo and a part of the suspensor. By the division 
of the embryonal cell of the 2-celled stage (Fig. 52), the 3-celled proembryo 
(Fig. 53) is formed. Burr (1903) working on this species, noted that the 
4-celled stage is regularly attained by division of the middle cell. In the 
material examined by the writer it appears that the middle cell and the ter- 
minal cell may in some cases divide simultaneously or the division of the 
terminal cell may even run ahead somewhat. The 4celled proembryo (Fig. 
54) must be considered as consisting of four tiers with one cell in each tier 
(1+1+-1-++1). From this stage on, multiplication of cells occurs in certain 
of the tiers, and new tiers are added at more or less regular intervals by the 
transverse division of the cell situated adjacent to the basal suspensor cell. 


The 5-celled proembryo (Fig. 55) still consists of four tiers (1-+-1-+-1+2). 
The fifth cell is added by the formation of a longitudinal wall in the terminal 
cell. The stages following were observed very much as Burr (1903) observed 
them,—especially with respect to tiers and number of cells in each tier. In 
figure 55 the cell lying adjacent to the basal suspensor is shown in process of 
division whereby the 5th tier is added. By doubling the number of cells in 
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the terminal tier from two to four and in the penultimate tier from one to two, 
the 9-celled proembryo (1-+1-+-1-++-2+4) with 5 tiers is formed (Fig. 56). 

The 17-celled stage with 6 tiers (1-+1-+-1-++2+4+8) is reached by the 
addition of another tier and doubling the number of cells in each of the three 
most terminally situated segments. The cell added to form the 6th tier very 
commonly is cut off obliquely and therefore is out of line as shown in figure 
57. This figure shows a 17-celled proembryo in which some of the cells are 
dividing. This figure also illustrates how the remaining synergid may persist 
through the development of the proembryo. 

A 7th tier is added and there is multiplication of cells in all tiers again 
except in the three situated most basally. The cell divisions, however, no 
longer occur is as regular a manner as they did before. Figure 58 shows a 
section of an embryo sac containing a proembryo of approximately 33 cells 


(i+ 1+1+2+4+8+ 16). 
2. Polyembryony 


One of the embryo sacs sectioned contains two proembryos, both in the 
micropylar end (Fig. 59). They occur in a position similar to those found by 
Guignard (1901) in a case of polyembryony in Naias major. 


3. The Embryo 


The differentiation of the primary tissues and the development of the 
parts of the embryo from some of the tiers of cells, do not differ in any impor- 
tant respect from these processes in Sagittaria variabilis as described by Schaff- 
ner (1897). Figure 60 shows how the tiers of cells formed in the proembryo 
are now apportioned. The terminal tier forms the cotyledon; the next tier 
forms the plumular region; two or more tiers go into the hypocotyl; and, 
three tiers of one cell each go into the suspensor. This figure shows the sus- 
pensor broken as Schaffner found was usually the condition at similar stages 
in Sagittaria variabilis. In addition to epidermal and cortical tissues, a 
plerome is differentiating. The last named tissue is evident in a tier of the 
hypocotyl adjacent to the plumular region. 

After the contour of the embryo is established, the cotyledon and hypo- 
cotyl elongate greatly and a conducting strand extends through these regions 
with a branch to the plumular tip. At this stage it is already apparent that 
the base of the cotyledon forms a sheath around the plumular tip, leaving an 
opening only on one side. 


4. The Endosperm 


It has been shown above (Fig. 45) that the polar nuclei may fuse before 
fecundation. In the few cases in which a third (sperm) nucleus can be ob- 
served to participate in the formation of the primary endosperm nucleus, the 
conditions suggest it may unite with one of the polars just before the two 
polars fuse (Figs. 61, 62, 63). A more extensive study would probably show 
some variations in the formation of the primary endosperm nucleus. 


Once the primary endosperm nucleus is formed, it descends from the 


324 THE AMERICAN MIDLAND NATURALIST 


central position it had occupied in the embryo sac, to the antipodal region. 
Here it divides, simultaneously with the first division of the zygote (Fig. 51). 
The two nuclei thus formed may be termed, following the terminology of 
Schaffner (1897), the upper endosperm nucleus and the lower endosperm 
nucleus. A wall cuts off the lower endosperm nucleus which was not observed 
to undergo any further divisions. It should be noted here that an early 
microscopic botanical investigator, Hofmeister (1859), described cases of 
division of the embryo sac by a transverse wall. 

The upper endosperm nucleus returns to the middle region of the embryo 
sac (Fig. 52) where it divides. By repeated divisions in the parietal layer of 
cytoplasm and by scattering of the nuclei thus formed, there develops an endo- 
sperm which for some time is non-cellular (Fig. 58). In a number of cases 
the divisions in the endosperm were observed to occur with approximately the 
same frequency as in the proembryo. 

The cytoplasm of the endosperm is divided up into cells at the time when 
a stem notch is forming in the embryo as shown in Fig. 60, n. From this 
stage the endosperm develops more slowly as compared with the development 
of the embryo. At each end of the embryo sac the endosperm forms a mass 
several cells thick; along the sides, however, the endosperm remains one cell- 
layer in thickness. For a time there is considerable space between the endo- 
sperm and the growing embryo. Eventually the embryo sac is filled up by 
the embryo. 

The lower endosperm cell enlarges greatly as does also its nucleus. It 
contains a dense cytoplasm and the nucleus becomes lobed. Activity in this 
cell appears to be at a maximum soon after the stem notch of the embryo is 
formed. The antipodal cells also appear to be associated with this activity. 
They are distinct at this stage and appear to form an important connection 
between the lower endosperm cell and the chalaza. As the embryo grows, the 
cotyledon eventually comes to encounter the lower endosperm and the an- 
tipodals, whereupon they immediately exhibit signs of disintegration. 


5. The Mature Seed 


While the embryo is developing, the cells in the outer layer of the outer 
integument form numerous starch grains. By the time the seed is mature 
these starch grains have disappeared and the cell walls of this layer contain 
conspicuous thickenings in a reticulate arrangement. The outer walls of the 
cells have now formed protrusions which are roughly arranged in rows encit- 
cling the seed and which give the seed coat a rough outer surface (Fig. 64). 
The outer cell walls of the inner integument develop thick protective layers. 
The nucellus and endosperm have disappeared except for thin membranous 
non-cellular vestiges which persist between the embryo and the remains of the 
inner integument. 

As is characteristic of the Helobiae, the embryo fills the seed. Campbell 
(1930) has pointed out that this is one of the features in which these plants 
differ from much the larger number of monocotyledons in which a small 
embryo and an abundant endosperm occur. In Vallisneria, food, especially 
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in the form of starch, is stored in the cotyledon and in the large hypocotyl. 
The lower end of the hypocotyl is root in nature but there is no root cap in 
this organ. 

The plumule consists of a stem tip and the first leaf (Fig. 65). The two 
structures, one on either side of the plumule are squamules, such as have been 
found by Arber (1923, 1925) to be characteristically present among leaf- 
bases of the Helobiae. 


1V.—Summary 

1. Flowers of the male inflorescence develop and mature in a basipetal 
direction. 

2. The two stamens originate from a common primordium which contains 
a single group of hypodermal archesporial cells. 

3. Two loculi, transversely oriented, are ordinarily formed in the anther. 
However, the number of loculi may vary from one to four. 

4. The antheridial cell is cut off by a definite wall at one side of the micro- 
spore. This wall disappears and the cell migrates into the interior of the 
microspore. 

5. The division of the antheridial cell is effected in such a manner as to 
form two spindle-shaped sperm cells. 

6. The megaspores occur in three different types of tetrads,—the linear 
type, the T-type and the true (tetrahedral) type. 

7. Double ovules occur in different degrees of duplicity. 

8. Fecundation of the egg may occur approximately 9 hours after pollina- 
tion. 

9. Pollen tubes grow from the stigmas down along the open inner sides 
of the three carpels. 


10. Although the male nuclei are never vermiform as in Lilium, the actual 
fusion of the gametic nuclei closely simulates that process in Lilium. 


11. The proembryo adds new tiers of cells and doubles the number of cells 
in the more distal tiers in a somewhat regular manner. 

12. A single instance of polyembryony was observed. 

13. The two polar nuclei frequently fuse before fecundation. In some in- 
stances it appears that a male nucleus fuses with one of the polars before the 
latter fuse. 

14. The primary endosperm nucleus after passing to the antipodal end of 
the embryo sac, divides, and a cell division results simultaneously with the 
first division of the zygote. The nucleus of the upper endosperm cell returns 
to the middle of the embryo sac where subsequent divisions occur. 

15. The lower endosperm cell enlarges and persists until it is encountered 
by the enlarging embryo. 

16. Eventually all endosperm is consumed by the developing embryo. 

17. The embryo is of the macropodous type. There is no root cap on the 
tadicle end of the hypocotyl. 
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18. The first squamules are formed between the cotyledonary sheath and 
the plumular bud. 


I wish to express my appreciation and my gratitude to Dr. D. M. Mottier in recog- 
nition of the kind advice and encouragement received in the course of this investigation. 
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EXPLANATION OF PLATES 


PLATE 1 

FIGURES 

. Long. sec. of young male inflorescence. x 30. 

. Cross sec. of a nearly mature flower. a, adaxial sepal; b, lateral sepal; c, 
rudimentary petal. x 45. 

Long. sec. of primordium of male flower. x 275. 

Long. sec. of young male flower. x 275. 

Cross sec. of young male flower. x 170. 

Long. sec. of young male flower. a, primordia of staminodium (right) and 
rudimentary petal. x 275. 

Long. sec. of young male flower. x 275. 

Long. sec. of male flower. x 275. 

Long. sec. of a developing stamen. x 275. 

. Cross sec. of one loculus of a young anther. t, newly cut off tapetal cells. 

x 615. 

. Long. sec. of a stamen. t, tapetum. x 275. 

. Cross sec. of an anther containing two united loculi. x 170. 

. Cross sec. of an anther with 3 loculi. x 275. 


4. 
6. 
8. 
0. 


PLATE 2 
14. Cross sec. of both loculi of an anther. x 275. 


15. Cross sec. of a loculus containing microspores. x 275. 
16, 17, 18. Microspores with antheridial cells. x 615. 
19,20. Developing pollen spores. x 615. 
21-25. Stages in the division of the antheridial cell. x 615. 
26. A pollen spore containing tube nucleus and the two sperm cells. x 615. 
27. Edgewise view of sections of exine. x4,125. 
28. Long. sec. of portion of pistil. s, sepal; st, staminodium; c, stylar canal; 
p, rudimentary petal; o, ovule; w, wall of ovulary; m, mucilage in 
cavity of ovulary. x 20. 


h and 
recog- 
gation. 
31-41. 
)-443, 4 
7-66. 
Proc. 
New 
ation 
Bot. 
4 
‘ 
ner- 
Bot. 
iger 
“ti 4 
ther < 
q 
E 


THE AMERICAN MIDLNAD NATURALIST 


PLATE 3 


. Cross sec. of ovulary. p, paired projections. x 20. 

. Cross sec. of upper part of style. x 20. 

. Primordium of an ovule. x 275. 

. Young ovule with hypodermal archesporial cell. x 275. 

. Young ovule containing megaspore mother cell. Indications of inner (i) and 
outer (0) integuments. x 615. 

. Long. sec. of young ovule. x 615. 

. Megaspore mother cell with bivalent chromosomes. x 615. 

. Megaspore mother cell in metaphase of first meiotic division. x 615. 


7. Linear tetrad of megaspores. x 615. 


. Stage in second meiotic division resulting in the T-type of tetrad of mega- 
spores. x 615. 

. Second meiotic division of megaspore mother cell resulting in the true tetrad. 
The chromosome groups of the upper division figure are found in adjacent 
sections and are represented at a and b. x 615. 

. One-nucleate stage of embryo sac with the three disintegrating megaspores. 


x 615. 


PLATE 4 


. Four-nucleate stage of embryo sac. x 850. 

. A mature embryo sac. x 615. 

. Polar nuclei flattened against each other. x 615. 

. Polar nuclei fusing. x 615. 

. Portion of the embryo sac containing a fusion nucleus. x 615. 

. Cross sections of double ovules. 0, outer integument; i, inner integument; 
n, nucellus; e, embryo sac. x 70. 

. Cross sec. of double feniculus belonging to the ovule represented in Fig. 47. 
x 70. 

. Tip of pollen tube at entrance of micropyle. x 615. 

. Sec. of embryo sac showing fusion of gametic nuclei. s, remaining synergid; 
t, pollen tube; p, a polar nucleus. x 615. 

. Parts of an embryo sac showing first division of zygote (e) and of primary 
endosperm nucleus (p). a, antipodals. x 250. 

. Embryo sac containing a 2-celled proembryo, upper (u) and lower (I) 
endosperm cells. x 250. 


PLATE 5 


. 3 celled proembryo. x 275. 

. 4-celled proembryo. x 275. 

. 5-celled proembryo. s, remaining synergid. x 230. 

. 9-celled proembryo. x 275. 

. 17-celled proembryo. x 275. 

. Long. sec of an embryo sac containing proembryo of approximately 33 cells, 
remaining synergid (s), endosperm proper (e), lower endosperm cell (1). 
x 120. 

. Two proembryos in one embryo sac. x 230. 

. Young embryo. s, suspensor; p, plerome; n, stem notch. x 130. 

. Stages in fusion of sperm and polar nuclei. x 615. 

. Long. sec. of seed. ch, chalazal end; co, cotyledon; p, plumular region; h, 
hypocotyl; i, inner integument; 0, outer integument. x 20. 

. Plumular region of fig. 64 enlarged. |, first leaf; st, stem tip; sq, squamules. 
x 70. 
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Andropogonetum Hempsteadi: a Long Island Grass- 
land Vegetation Type 


Stanley A. Cain,! Mary Nelson, and Walter McLean? 


The Hempstead Plains, originally an area of about 50 square miles of 
natural grasslands, are located in Nassau County, Long Island, New York. 
The vegetation of this region is somewhat suggestive of the prairies of the 
Central States but there are many differences in floristic composition and struc- 
ture. There is now not much of the original grassland of the Hempstead 
Plains left in a virgin condition, most of it having been converted into truck 
farms or building sites. However, the unbroken sod is easily recognizable. 
In places where the sod has been broken and the land allowed to lie fallow for 
several years there is a slow reversion to grassland. Such communities are 
marked by the addition of certain weed species and other changes in structure 
which distinguish them as secondary. Otherwise open ground in the virgin 
grassland is covered with rootstocks of Andropogon scoparius, the dominant, 
or with crustose and fruticose lichens and mosses.* This crust, together with 
the strong root-competition, make it practically impossible for plants not 
native to the association to establish propagules. The two factors just named 
may also help account for the almost complete absence of trees. There are 
several shrubs present in the association. Some of them form rather large 
patches. Trees, when present, usually are stunted and short-lived. The dom- 
inants include Andropogon scoparius,4 Ionactis linariifolius, Carex pennsyl- 
vanica, Aster ericoides, and Baptisia tinctoria. There are many other species 
present in the association but they are not of high density, coverage or pres- 
ence. At a distance, the grass-form of Andropogon and the hemispheric 
plants of Baptisia are alone conspicuous (Fig. 1). 


The soil of the Hempstead Plains is, in the main, classified as Hempstead 
loam (Fig. 2). It rests on a relatively coarse gravel of quartz and granite 
pebbles formed by the union of numerous outwash plains from the Ronkon- 


1 Contribution from the Department of Botany, The University of Tennessee, 
N. 


a, 


2 Miss Nelson (Tulane University) and Mr. McLean (University of Pittsburgh) 
were students in Plant Sociology at The Biological Laboratory, Cold Spring 
Harbor, Long Island, who assisted the senior author in this investigation. 


3 The following species are common (those marked with an asterisk are most 
abundant) : *Bacomyces roseus Pers., Cetraria islandica (L.) Ach., Cladonia 
foliosa (Huds.) Willd. 2, *Cl. papillaria £. molariformis (Hoffm.) Schaer., 
*Cl. papillaria f. papillosa Fr., Cl. uncialis f. dicraea (Ach.) Vainio: Dit- 
richum tortile (Schrad.) Hampe, *Polytrichum commune L. and P. piliferum 
Schreb. 


4 Grass nomenclature follows Hitchcock (1935). All other flowering plant names 
follow Taylor (1915). 
334 
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koma and Harbor Hill moraines (Fuller, 1914, pp. 37, 167). The Plains 
slope from north to south at a rate of about 15 feet per mile. The surface 
is covered with a fine brown silt mixed with fine sand to a depth of a few 
inches to a foot over the Ronkonkoma gravel. The surface is unbroken 
except by a few shallow valleys running north and south which were formed 
by glacial sterams. The Plains range from 60 to 120 feet above sea level. 
Because of the porous gravel beds under the thin soil the Plains are very dry. 
This unfavorable water-balance appears to be one good reason why trees and 
a luxuriant growth of shrubs are absent. Although very shallow, the soi! 
is otherwise well adapted to farming, especially if that soil is irrigated by well 


Fig. 1. A view of the grassland at Plain Edge showing the general cover of Andro- 
pogon scoparius with scattered hemispheric plants of Baptisia tinctoria. The silvery 
shoots are Salix tristis. Photo by S. A. Cain. 


water. As a matter of fact that is the practice on many truck farms in the 
region. 

The climate of the Hempstead Plains differs very little from that of Long 
Island in general. The Plains region, however, is subject to more sudden 
rises and falls in temperature than Long Island in general because of their 
treeless and sandy character. In the Plains region the growing period is about 
190 days long. The mean annual temperature is about 51°F. with a range 
from -11° to 103°F. The average precipitation is about 45 inches. It varies 
slightly with about 9 to 12 inches for each three months period. The climate 
certainly would be adequate for tree vegetation if it were not for the edaphic 
conditions. Frequent droughts, coming usually in September (Lounsbury 
1928), result in unfavorable desiccation of the soil since the gravel layer can 
not act as a reservoir as in the case of soils with a less coarse subsoil. During 
the winter there are light snows which, not remaining long, result in the sub- 
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jection of the vegetation to severe winter exposure. These factors also are 
related to the presence of grassland vegetation. 


According to Harper (1911, p. 352) the first published recognition of the 
Hempstead Plains was in 1784. At this time “A Tour of the United States 
of America” by J. F. D. Smyth appeared. In 1892 Mr. Henry Hicks, while 
at Cornell University, wrote a thesis on “The Vegetation of the Hempstead 


HEMPSTEAD PLAINS,L.I.,N.Y 
©= Location of Stations 
Andropogonetum Hempsteadi 
Boundary of the J 
Hempstead Loam Jericho 


miles 


Fig. ZL. map showing the six stations where the Andropogonetum was studied. 


This map is based on Lounsbury, 1928. 


Plains” which, however, was not published. He describes the Plains from his 
experience and from stories heard during his lifetime in the region. He calls 
attention to the change from tall grass, about as high as a horse, to the pres- 
ent growth which in general reaches a maximum height of three or four feet. 
usually less. This change, if it has occurred, may be accounted for by a 
change in dominants or in the luxuriance of growth of the present dominants. 
Andropogon furcatus and Sorghastrum nutans are both taller plants than the 
present dominant, Andropogon scoparius. The former species are scattered 
in the association but show no evidence of more than very local dominance. 
In our studies we found nothing to support a recent shift in dominants. The 
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suggestion that certain species might have had a much greater stature than at 
present is not tenable. It is probable that the recollection of local luxuriant 
growth of Sorghastrum nutans and Andropogon has been erroneously extended 
to include the general condition over the entire Plains. In 1903 there ap- 
peared a “Soil Survey of Long Island” (Bonsteel) in which the Hempstead 
Plains were described as a natural prairie which bore a rank growth of grass 
when first discovered and was said to be treeless. The Plains were used as 
a commons for pasturage by the residents of the towns of the region. Ac- 
cording to Harper (1918) the census of 1910 showed that in 1890 about 
half of the area of the Plains was under cultivation. Since that time all but 
about one or two per cent of the area has been taken up by truck farmers, 
town sites, suburban developments and estates. In 1911 Harper, giving a 
general botanical description of the area, listed the more conspicuous or inter- 
esting species, but he did not adequately describe the structure of the vege- 


tation. 


Considering the uniqueness of the vegetation and its proximity to several 
botanists in and around New York City, there is a surprising shortage of 
botanical literature dealing with the Plains. After the thesis by Henry Hicks, 
mentioned above, in which there was an incomplete list of species of the 
grassland together with species from the streams and swamps of the southern 
border, nothing appeared until Harper’s general paper (1911). Harper's 
paper (1918), “Vegetation of the Hempstead Plains,” gave a more complete 
species list and a general description of the region. Conard (1935), in his 
“Plant Association of Central Long Island” included three pages on the 
Hempstead Plains. He was the first to use phytosociological methods. The 


present investigation represents an extension of Conard’s studies. 


Methods 


The usage of certain phytosociological terms needs a brief explanation at this 
point. Frequency of a species is expressed in percentage on a basis of the num- 
ber of quadrats in which a species occurs divided by the total number of quad- 
rats. Frequency percentages are analytic, that is, they are computed from an anal- 
ysis of a single stand, and are recomputed for each species on each successive 
stand analyzed. Absolute Frequency is here used to simplify the frequency data 
for all quadrats from all stations. The species are assigned to five classes on a 
basis of their percentages. Class A contains all species represented by frequencies 
of 20% or less; Class B, 21-4007; Class C, 41-60%; Class D, 61-80°; Class F, 
81-100. When the number of species in each class is expressed as the percen- 
tage which that class constitutes of the total number of species sampled the 
result is Frequency Class Percentages, which percentages together give the so- 
called Frequency Curve. Raunkiaer (1918, 1934) published a Frequency- 
class curve which has since been known as the “Normal Frequency Curve.” 
It has been used rather widely for comparison. This “normal curve,” based 
on 8,078 frequency figures taken by Raunkiaer from 11 Memoirs, gives F- 
Class percentages as follows: 53-14-9-8-16. Concerning the relative propor- 
tions of the five classes, Raunkiaer (1934, p. 396) states, “the law of distti- 
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= 
bution of the frequency figures can be expressed thus: A>B>C=D<E. ” 
Constancy as here used is a concept relating to synthetic data (Braun- 
Blanquet 1932, p. 55, Cain 1932, p. 496). It is an expression relative to the 
presence of species in different stands of an association. It is based on plants 
sampled by limited and uniform quadrats and not on the total flora of each 
stand. The occurrence of plants, unsampled by quadrats, is designated in 
terms of Presence. Constancy data are of more interest and value because 
they modify the influence of varying stand-areas on the floristic assemblage. 
Constant species are here construed to be those of 5/6 or 6/6 constancy. 


Coverage, percentage-area of the foliage projected onto the quadrat, is here 
expressed in Dominance Classes (Braun-Blanquet and Pavillard, 1928; Cain, 
1932 p. 481). Six classes of coverage are used as follows: 5, 76-100%; 4, 
51-757; 3, 26-50; 2, 6-257; 1, 1-5%; X, less than 1%. 


Minimal-area is commented on by Braun-Blanquet (1932, p. 52) as fol- 
lows: “Minima of space and number of species are also requirements which 
must be assigned to an association. This concept has led to the technical use 
of the term ‘minimal-area’ to designate the smallest area which can contain 
an adequate representation of an association. All sample stands examined in 
the study of an association should be at least of the size of the minimal-area 
and must have the characteristic combination of species.” Minimum-quadrat- 
area (Cain, 1935, p. 576) is conceived to be the smallest adequate quadrat 
area to be used in an association when several such areas are employed on each 
stand. “Minimum-area” and “minimum-quadrat-area” are not to be confused. 
Both are determined by means of species-area-curves which express the rela- 
tionship between number of species and sample area. Minimal-area is deter- 
mined on a basis of a single sample area per stand; minimum-quadrat-area is 
based on several smaller scattered quadrats in a stand. 


After a brief reconnaisance of the portion of the Hempstead Plains south 
and east of Hicksville a small patch of about 11 acres near Plain Edge was 
found to be relatively undisturbed (Fig. 1). It was so judged because of the 
presence of the typical floristic assemblage, the dominance of Andropogon 
scoparius and the absence of weed species. The vegetation of this station was 
used for the working out of the most satisfactory sampling technique. Five 
additional stations were finally selected within the area of the original grass- 
lands. These stations are well scattered on all sides of Hicksville as indicated 
on the map (Fig. 2). They are designated as follows: I. Plain Edge, II. 
South Hicksville, III. Mitchel! Field, IV. Westbury, V. East Hicksville, and 
VI. Locust Grove. They are located between 2 and 3.5 miles from Hicks- 
ville. Each was selected because of the apparently virgin nature of its vege- 
tation. 


In order to determine the proper quadrat size for a study of this type of 
vegetation, quadrats of 0.25, 0.5, and 1.0 sq. m. were laid out at the Plain 
Edge station. Ten quadrats of each size were taken. Presence and coverage 
for each species on each quadrat were noted. From the data, frequencies were 
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calculated for each species for each series of quadrats using a different area, 
Table 1. Species-area curves were drawn for the 0.25 and the 1.0 m. series 
(Fig. 3). Since the 0.25 sq. m. survey allowed the species of highest frequency 
to rate 100 per cent and since the species-area curves were essentially alike, 
both tending to flatten at 10 quadrats, it was concluded that, if used in ade- 
quate numbers, quadrats of 0.25 sq, m. area were of sufficient size. Although 
revealing the species of high frequency, the smaller sized quadrats result in a 
lower average species frequency. Increasing the quadrat area four times (from 
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Andropogonetum Hempsteadi at Plain Edge: A comparison of frequencies from 
two series of quadrats of different sizes. 


Quadrat Size 
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Andropogon scoparius 

Tonactis linartifolius 

Crocanthemum majus 

Neopieris 

Polygala Nuttallii 
Baptisia tinctoria 

Caylussacia baccaia 
Carex pennsylvanica 
Panicum virgatum cubense 
Euthamia tenuifolia ~~ 

Viola lanceolata 

Potentilla canadensis 

Bartonia virginica 

Hypoxis hirsuta 

Scleria pauciflora 

Viola fimbriatula 

Polvygala viridescens 


Betula populifolia 
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Cracca virginiana 

Juncus Greenei 
Cathartolinum medium 
Salix tristis 

Lechea minor 
Antennaria plantaginifolia 
Solidago sp. (vegetative) 


Total number of species 
Average frequency per cent 


? 


Andropogonetum Hempsteadi at Plain Edge: A comparison of frequencies based 


on two series, one of 25 quadrats and one of 50 quadrats. 


"Species Frequency percentages 
(F-class divisions are based 
on the 50 quadrat series) 25 quadrats 50 quadrats 


Class E 
Andropogon scoparius 94 
Jonactis linariifolius 86 

Class D 
Aster ericoides 

Class C 
Viola pedata 
Carex pennsylvanica 
Crocanthemum majus 

Class 
Polygala Nuittallii 
Panicum oricola 
Aletris farinosa 
Baplisia tinctoria 
Neopieris mariana 
Salix tristis 

lass 
Gaylussacia baccata 
Hypoxis hirsuta 
Euthamia tenuifolia 
Viola lanceolata 
Scleria pauciflora 
Sarothra gentianoides 
Lechea minor 
Andropogon furcatus 
Potentilla canadensis 
Bartonia virginica 
Viola fimbriatula 
Lespedeza angustifolia 
Rhus copallina 
Juncus Greenei 
Populus tremuloides 
Solidago sp. (vegetative) 
Cathartolinum medium 
Betula populifolia 
Cracca virginiana 
Agalinis decemloba 
Mpyrica carolinensis 


Populus alba 
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0.25 to 1.0 sq. m.) increases the average frequency 13 pert cent (from 37.7 to 
42.7 per cent). When the smaller quadrats are used, there is also a shift of 
some species to lower frequency classes. This shift represents an advantage 
as the results more nearly reveal the true frequency relations of those species 
than do larger sized quadrats (Raunkiaer, 1934) The essential similarity in 
the shapes and heights of the two species-area curves means that the more 
frequent and important species are encountered almost as soon with the smaller 
quadrats as with the larger. Therefore the smaller quadrats give practically as 
adequate a result as the larger, the difference between the results is out of 
proportion to the disparity in areas sampled and the amount of time involved. 
We therefore concluded that the small sized quadrat was adequate. 


TABLE 3 


Andropogonetum Hempsteadi at Plain Edge: Distribution of species in the coverage 
classes based on 50 quadrats. 


Number of 
quadrats in 
which the 
Species Coverage classes species was 

(Arranged as in Table 2) 5 absent 
Andropogon scoparius 16 18 4 3 
19 14 

5 

6 


lonactis linartifolius 
Aster ericoides 

Viola pedata 

Carex pennsylvanica 
Crocanthemum majus 
Polvgala Nuttallii 
Panicum oricola 
Aletris farinosa 
Baptisia_tinctoria 
Neopieris mariana 
Salix tristis 
Gavlussacia baccata 
Panicum virgatum cubense 
Hypoxis hirsuta 
Euthamia tenuifolia 
Viola lanceolata 
Scleria pauciflora 
Sarothra gentianoides 
Lechea minor 
Andropogon furcatus 
Potentilla canadensis 
Viola fimbriatula 
Lespedeza angustifolia 
Rhus copallina 
Juncus Greenei 
Polygala viridescens 
Populus tremuloides 
Solidago sp. (vegetative) 
Cathartolinum medium 
Betula populifolia 
Cracca virginiana 
Agalinis decemloba 
Mpyrica carolinensis 


Populus alba 


—| — 


ow 


20 
10 
10 
10 
10 
10 
10 
29 
42.7 
58 
16 
10 
6 
30 
6 32 
37 
2 3 4l 
41 
42 
43 
43 
43 
43 
2 44 
45 
46 
46 
47 
47 
1 1 48 
49 
49 
49 
49 
49 


342 THE AMERICAN MIDLAND NATURALIST 


In order to determine what was an adequate number of the 0.25 sq. m. 
quadrats, 50 of them were laid out as a random sample, scattered widely 
through the area. From this number a species-area curve was drawn (Fig. 4). 
The curve flattens strongly at about 15 quadrats and beyond this point the 


species 
40 


Species -Area Curve 


Wo. guadrals 
30 40 


Fig. 4. A species-area curve based on 50 quadrats at 0.25 sq. m. each. The curve 
drawn is fitted to the series numbered 50 to 1. The additional dots represent the species- 
area relations of the series numbered | to 50 and two abstracted series of 25 quadrats 
each, numbered |, 3, 5, 7, ...49, and 2, 4, 6, 8, ...50. These four treatments of 


the statistical sample all reveal essentially the same curves, only one of which is drawn. 


increase in number of species is very slow. Apparently 25 quadrats represent 
an adequate sample for a description of this type of vegetation. A better 
picture of a type of vegetation can be drawn by sampling additional stands 
rather than by over-emphasis on a single stand. Also, when the frequency 
percentages of the species based on 25 and on 50 quadrats were compared, it 
was found that the results were similar (Table 2). That is, species of high 
frequency on a basis of the 50 quadrats also had a high frequency on the 25 
quadrat basis. Likewise, species of low frequency on one were low on the 
other. There were exceptions to the above statements—due largely to the 
species of a gregarious nature which were not widely scattered throughout the 
stand. 


After the study of sampling technique made at the Plain Edge station it 
was decided to use 25 quadrats each of 0.25 sq. m. area for the remainder of 
the stations studied. 


Results 


The accompanying species-area curves for the six stations (Fig. 5) all 
show an abrupt initial rise and a tendency to flatten out before the twenty- 
fifth quadrat, a fact which indicates that the majority of the characteristic 
species have been encountered. The number of species sampled ranges from 
17 at Westbury to 32 at Plain Edge. The additional species observed but not 
sampled range from about 40 to 100 per cent more than those sampled. For 
all stations, the total number of species sampled was 46; the total flora 
observed included 71 species. 
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sq. m. TABLE 4 | 
widely Andropogonetum Hempsteadi: Constancy, frequency (F) and coverage (D) data 
ig. 4). based on 25 quadrats @ 0.25 sq. m. from each of 6 stations. oe 7 
int the VI A 
) v. Freq. 
Species FD D (150q.) 
Constancy 6/6 
Andropogon scoparius 3 3 54 5 54 53 
lonactis linariifolius 2 3 ; 
Baptisia_tinctoria x x 
Carex pennsylvanica x x 22 4 324 
Panicum oricola : x x 
Aster ericoides x 2 x 
Viola pedata £e 2 
Euthemia tenuifolia x x 3x Il x 
Constancy 5/6 
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Associated species, not sampled by quadrats at any station. 


Plain South Mitch- West- East Locust 
Hicks. ell F. bury Hicks. Grove 


Padus virginiana p- p- p- 
Eupatorium hyssopifolium p- p - 
Quercus prinoides Pp 
Lespedeza capitata 

Apocynum androsaemifolium 

Ibidium Becki 

Solidago odora 

Hieracium Gronovii 

Salix humilis 

Aronia melanocarpa 

Polvgala incarnata 

Panicum sphaerocarpon 

Lespedeza virginica 

Lobelia Nuttallii 

Agrostis alba 

Aristida purpurascens 

Commandra umbellata 

Lacinaria scariosa 

Sorghastrum nutans 

Solidago puberula 

Solidago rugosa 

Populus alba 

Uva-ursi Uva-ursi 

Smilax glauca 

Comptonia peregrina 


Total species sampled 

Total, all stations 
Total flora 46 

Total, all stations 
Approximate area of stand in 1000 sq.m. 44M 48M 256M _ 9.7M 42M 138.6M 
Approximate area of stand in acres ____ I] 12 64 Z2 WS 345 
Average total coverage per cent 94 92 88 91 92 
Average species per plot ; 8.2 65 6.1 5.7 6.9 


Symbols: F—Frequency Class 
D—Dominance (Coverage) Class 


p—Species present but not sampled; coverage x. 


Although the dominant species are the same for all stations, there is a 
considerable variation among the accompanying, less frequent species. An- 
dropogon scoparius and Ionactis linarifolius are important at all six stations 
Baptisia tinctoria, which is highly frequent and also of considerable coverage 
at East Hicksville, and which is also important at Mitchell Field, Westbury, 
and Locust Grove, covers less than one per cent and is of low frequency at 
Plain Edge and South Hicksville. The absence of Baptisia alters the physi- 
ognomy of the stand because of its rounded bushy growth. The presence or 
absence of certain other high frequency species does not materially alter the 
physiognomy because of their small size. Table 3 gives the distribution 
through the coverage classes of the species sampled at Plain Edge. All species 
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have an average coverage in the lowest class (X, less than 1 per cent of the 
area) except Andropogon, Class 3, Ionactis, Class 2, and Aster ericoides and 
Viola pedata, Class 1. 

The six stations varied considerably in the abundance and distribution of 
the occasional species. In the summary table (Table 4) frequency and dom- 
inance classes are given for all species actually sampled. Those present but 
not sampled by quadrats are indicated by “p” in the frequency columns, and 
by “-” under the dominance columns. The latter indicates that no estimate 
of their coverage was made, but that they were undoubtedly less than one per 
cent. From Table 4 it can be seen that although the species list at Westbury 
was very small almost all the species (17/23) were sampled, a fact which in- 
dicated a homogeneous stand with evenly dispersed species. This condition 
is also partly due to the smallness of the stand—only about 2.4 acres. At 
Mitchell Field, where 18 species were sampled, the total flora was 38 species. 
The Mitchell Field stand was the largest, and consisted of about 64 acres. 
Although it was the largest stand studied it did not have the largest species 
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Speces-Area Curves 


We quadrats 
- 
20 
Fig. 5. Species-area curves for the six stations. Each curve is based on 25 quadrats 


of 0.25 sq. m. each. Irrespective of the area of the station or the richness of the 
floristic assemblage, the curves indicate that 25 quadrats are a sufhcient sample. 


TABLE 5 


Andropogonetum Hempsteadi: Frequency class percentages for herbaceous and 
woody plants. 

Frequency Classes No. of 

Stations species 

sampled 
I. Plain Edge Fs 32 
II. South Hicksville 2 26 
III. Mitchell Field 8 
IV. Westbury 17 
V. East Hicksville 18 
VI. Locust Grove 23 
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list. At Mitchell Field some of the species had a very local and spotty dis- 
tribution. They were mainly species which are not the most typical members 
of the association. In other instances their presence was due to some sort of 
local disturbance of the sod. In the remaining four stations the average num- 
ber of species was greater, but the floristic assemblages were quite similar. 


The frequency class percentages are of some interest when compared with 
Raunkaier’s normal, Table 5. Three of the stations had a frequency distribu- 
tion curve with a secondary peak in class E (species with frequencies from 
81-100 per cent). One station had the peak in class D, while in the two 
remaining stations the last two classes (D and E) were the same size. At 


Plain Edge both D and E were larger than C 


A synthesis of the work at the six stations was made to give a composite 
picture of the Andropogonetum Hempsteadi. In Table 4 the frequency class 
(F) and the coverage class (D) of each species is given for each station to- 
gether with the absolute frequency (the number of times a species is sampled 
out of the total number of quadrats from all stations) based on 150 quadrats. 
The species were then arranged in groups according to their constancy, i.e., 
the number of stations at which they were sampled. There were eleven 
herbacous species of high constancy (6/6 or 5/5) which may be considered 
as constant species for the association. They are: Andropogon scoparius, 
Ionactis linarufolius, Baptisia tinctoria, Carex pennsylvanica, Panicum oricola, 
Aster ericoides, Viola pedata, Euthamia tenuifolia, Hypoxis hirsuta, Polygala 
Nuttallii, and Crocanthemum majus. 


Plants of high frequency are evenly distributed throughout the vegetation. 
They are also usually abundant. When species also fall in a high coverage 
class (dominance), which indicates that they occupy a considerable space due 
to their numbers or life-form, they must be the most important species of the 
community because they constitute the major portion of the vegetation. The 
species of high constancy which are also of high frequency and coverage are: 
Andropogon scoparius, Ionactis linariifolius, Baptisia tinctoria, and Carex 
pennsylvanica. These species dominate the vegetation of the six stands stud- 
ied. It is also very likely that they represent the dominants of the Hempstead 
Plains association as a whole before it was so largely destroyed. Panicum 
oricola and Aster ericoides rank high as to general frequency but are of low 
coverage. Viola pedata, Euthamia tenuifolia, Hypoxis hirsuta, Polygala Nut- 
tallii, and Crocanthemum majus are less frequent and of very low coverage, 
yet they are of high constancy and should be considered as characteristic com- 
panion species of the Hempstead Plains association. 


The woody species are all relatively unimportant in the picture of the 
association. When they occur, they are in scattered patches of small area 
(Fig. 6). Only one species, Neopieris mariana, was of high constancy. Its 
average coverage was less than one per cent and its absolute frequency was 
32/150. The woody species occurring do not represent invading species of 
an associes destined to replace the grassland community. The Andropogon- 
etum can be considered only as an edaphic climax. Fig. 7 shows the savanna- 
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y dis- like ecotone between the prairie and the contiguous oak-woodland at Locust 
mbers Grove. 
ort of 


Table 6 gives the constancy and presence class percentages. Thirty-five 
num- 


per cent of the species have a constancy of more than 50 per cent. Fifty per 
cent of the species have a presence of more than 50 per cent. 
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Androponetum Hempsteadi: Constance and presence class percentages. 
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Summary 


The composition and structure of the association, Andropogonetum Hemp- 
steadi, was studied by plant sociological methods. At six different stations, 
series of 25 quadrats each 0.25 sq. m. were laid out and examined. On each 
quadrat the coverage class of each species was noted along with the total 
coverage in per cent for all species. From these data it was possible to deter- 
mine the frequency and the average coverage for each species for each station 
and for the six stations collectively. The species lists for each station and for 
the whole were augmented by examination of the entire unsampled area for 
additional species. These additional species were all assumed to be, and 
apparently were, of low frequency and coverage. 


Fig. 7. A view at the Locust Grove station showing the savanna-like ecotone 
between grassland and oak-woodland. Photo by S. A. Cain. 


The size of the quadrat and the number of them to be used were deter- 
mined by a preliminary study at one of the stations. By a study of compar- 
ative frequencies and the species-area curves obtained on a basis of 0.25, 0.5, 
and 1.0 sq. m. quadrats it became evident that the smallest size was adequate. 
Similarly, on a basis of sampling 50 quadrats it became apparent that 25 was 
a sufficiently large number of the 0.25 sq. m. quadrats. Since the practice 
was to take a random sample by widely and evenly spacing the 25 quadrats 
within the station, irrespective of the area of the station (in as much as it is 
more than the minimal area), it was felt that the method worked out at one 
station was suited to the others. This supposition was substantiated by the 
results, and since all stations were occupied by the same, relatively homogene- 
ous association the method proved to be valid. The differences in area of the 
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stands were relatively unimportant since all stands were much larger than the 
minimal area necessary for the association to develop its characteristic floristic 
assemblage and structure. 


It is nevertheless startling that such a small amount of sampling could 
produce such regular results, when the surveys of the individual stations are 
compared with each other. The total area of the 150 quadrats was only 
0.006 per cent of the total area of the six stands examined. In one instance 
only 0.002 per cent of the stand was sampled (Mitchell Field). At the other 
extreme (Westbury) 0.06 per cent of the stand was sampled. Yet at each 
station our results were similar and sufficiently exact for sociological descrip- 
tion and were similar to the results for the whole, synthesized from the six 
stations. This similarity points to two facts: first, the association is an 
homogeneous one and the six stations are all truly representative stands; sec- 
ond, the sampling technique was adequate for the type of description desired. 


We feel that a detailed description of vegetation, prepared by following 
such plant sociological methods, represents a great improvement over the more 
general types of description. Although this particular association is a rela- 
tively simple one, it would seem reasonable to assume that this method of 
work, the preliminary determination of quadrat size and number, would be 
applicable to other types of associations. 
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Cantillas Canyon of Lower California: Its Geography 
and Botanical History 


Joseph Ewan 


Probably no other single locality in all of Baja California, with the possible 
exception of San Jose del Cabo, is the type locality for so many species of 
flowering plants as is Cantillas Canyon. Questions as to its precise location 
and topography arise in the mind of the investigator of the deserts of the 
Southwest. It has been fifty or sixty years in almost every instance since the 
first specimens were collected there. Few isotypes are available in herbaria, 
for the plants were not taken in numbers. But when the exact location of 
Cantillas Canyon is sought on available maps, published either in this country 
or in Mexico, it will be found that the place name does not appear thereon. 
In fact its hypothesized location in northeastern Baja California represents a 
terra incognita. Certainly much of the difficulty of locating the canyon on 
existing maps arises from the several inaccuracies in indicating the actual 
topography. It is not surprising then to find many conflicting statements in 
the literature regarding the position and identity of Cantillas Canyon, in- 
volving no less than twelve variants or apparent equivalents for its name. 


DRAMATIS PERSONAE 


Setting aside the possibility of Roezl’s visit to the region at the time of 
his collection of the seeds of Washingtonia,! the first collector at Cantillas 
Canyon? of whom I can find unmistakable evidence is George W. Dunn,* 
for long a resident of San Diego and naturalist-collector. Our knowledge of 
Dunn is meager but it is known from a collection of Pentstemon Clevelandii 
examined by the writer that he was there May 29, 1875, although he may have 
visited the canyon before that year. He apparently did not make a large 
collection in the canyon at any time nor did he communicate his material 
promptly, if at all, to the important eastern centers of botanical activity. In- 
deed, the Pentstemon specimen referred to above was passed on to Daniel 
Cleveland,4 resident botanist of San Diego who was well acquainted with the 
local flora. Cleveland at once recognized the collection of Dunn as a species 
new to science, promptly forwarded the specimens to Asa Gray, who in turn 


1 See Parish, Bot. Gaz. 44:414. 1907. 


2 This spelling adopted on basis of derivation. “Doubtless from ‘cantil’, a word 
used elsewhere in Lower California to denote places with vertical cliffs” 


(Peveril Meigs 3rd. in letter to author of Feb. 20, 1936). 
3 For biography see Jepson, Madrofio 2:156-157, portrait, 1934. 
For biography see Jepson, Madrofo 1 :267-268, portrait, 1929. 
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Fig. a. Lower California (after Grinnell). Delta region of the Colorado River 
boxed. Fig. b. Delta region of Colorado River (adapted from Sykes). Putative location 
of Cantillas Canyon at |. Other localities are: 2. Palomar Canyon. 3. Campo Nacional. 
4. Hanson Ranch. 5. Topo. 6. Tres Pozos (of Palmer). 7. International boundary. 
8. Signal Mt. 9. Mexicali. 10. Laguna Salada Basin. 11. Laguna Salada. 12. Cocu- 
pah Mts. 13. Colorado River. 14. Gulf of California. 15. Tres Pozos (not of Palmer). 
16. Tinajas Altas. 17. Flood channel of Hardy River. 18. El Major. 
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overlooked the original collector and named the undescribed species Pent- 
stemon Clevelandii for his correspondent.5 Therefore, although Safford credits 
Palmer as being the first botanical explorer to visit Cantillas Canyon,® it is 
plain that George W. Dunn has a clear title over Palmer, for whom he later 
served as guide and companion to the famous locality. 


Certainly the most important figure in the history of the botanical explora- 
tion of Cantillas Canyon is Dr. Edward Palmer, M.D.7 A professional col- 
lector of wide previous experience, he was at the time of his visit to the canyon 
busily engaged in gathering botanical and ethnological material in southern 
California for the approaching Centennial Exposition at Philadelphia. He re- 
turned early in the summer of 1875 from his historic collecting trip to Guad- 
alupe Island off the Lower California coast. June of that year found him at 
San Diego, June 25-26 at Jamuel {sic} Valley to the east of that town, and 
August he spent in the Cuyamaca Mountains. This range had been visited 
three years earlier by Dr. J. G. Cooper8 who wrote his botanical impressions 
of the region in the American Naturalist (vol. 8, pp. 90-98. 1874). Palmer 
had approached the Cuyamaca Mountains apparently by way of Julian, stop- 
pinb at Tigh’s (or Tighe’s) Ranch, the “first stage station between Ramona 
and Julian at the foot of the Ballena grade,”® where several numbers were 
collected. From Julian he proceeded to Talley’s Ranch, “one-third of the way 
from Julian to Cuyamaca,”!° where he must certainly have met George W. 
Dunn, for Dunn made this ranch his field headquarters (fide K. Brandegee). 
It is known from Palmer’s own statement that Dunn accompanied him on his 
trip to Cantillas Canyon,1!1 but the details of their itinerary through southern 
San Diego County from late August until their arrival at the canyon, Sept 
10, 1875,12 remain to be worked out. Probably the two collectors set out 
directly for their destination, stimulated by the fresh memory of Dunn’s visit 
to the canyon earlier in the summer of that year. In any event, it is known 
that Palmer, in company with Dunn and two Indian carriers, took the road 
that crossed the boundary at Campo. The road “continued for some time 
through a forest of oaks, pines, and junipers. . . . Continuing their journey, 
the party passed through a scattered grove of Pinus monophylla,'3 associated 


5 Proc. Am. Acad. 11:94. 1876. 
i} Safford, Pop. Sci. Mo. 78:348. 1911. 


7 For biographies see Safford, Pop. Sci. Mo. 78:341-354, portrait, 1911 or Bot. 
Gaz. 52:61-63, portrait, 1911. Also T. S. Palmer, Condor 30: 290. 1928. 

3 For biography see T. S. Palmer, Condor 30:273. 1928. 

9 Acc. K. Brandegee in Univ. Calif. Herb. Record (for 1907) 155 ms. 

10 Acc. K. Brandegee, ibid. Type of Euphorbia Palmeri Engelm. (at Mo. Bot. 


Gard.), collected at Talleys Ranch by Palmer, bears neither month nor day 
day of month collected. 


11 West Am. Sci. 7:9. 1890. 


12 From notes toward an unfinished and unpublished biography of Palmer by 
W. E.. Safford. 


13 Orcutt (West Am. Sci. 7:158. 1891) describes this pifion forest as comprising 


instead Pinus Parryana. 
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with cacti and various desert shrubs, when suddenly they found themselves on 
a brink of a great barranca or canyon, an enormous gorge 5,000 feet in depth. 
. . . It was no easy matter in descending to collect along its rocky sides. The 
journey back was even more difficult.”!2 Palmer has chronicled the hazards 
of collecting at the canyon in writing of his gathering of the lobeliaceous 
Palmerella debilis, named for him by Asa Gray. Palmer says, “I obtained 
them with considerable trouble and brought them out of the depths of the 
canyon in my hat which I tied on to keep them safely.”14 The extent of 
Palmer’s collecting can be judged in a general way by the number of plants 
which proved to be undescribed species, apart from specimens collected repre- 
senting known species of wider distribution. A list of the plants for which 
Cantillas Canyon is the type locality is appended. Many of the range exten- 
sions effected by the collections of Palmer were included by Watson in the 
supplement to the second volume of Botany [of the Geological Survey] of 
California, published in 1880. Apparently Palmer did not revisit Cantillas 
Canyon in later years. The months of November and December, 1875, were 
spent botanizing in southwestern Utah in the vicinity of St. George. Asa 
Gray and Sereno Watson studied the Palmer collections from Cantillas Can- 
yon at the Gray Herbarium and published important papers upon them early 
in 1876. 


July, 1883, eight years after Palmer’s visit, finds the Orcutts, father 
(Heman Chandler) and son (Charles Russell) ,15 botanizing at the renowned 
canyon. The movements of the Orcutts have been worked out from herbar- 


ium labels and published accounts and are given in the concluding chronology. 
Suffice it to say, the results of their journey were so stimulating to botanical 
activity among the systematists that they made a second trip the following 
year for additional material. Accordingly, the Orcutt collections are much 
better represented in herbaria than are those of any other botanist who has 
visited the region. 


Although there are references to collections of Daniel Cleveland from 
Cantillas Canyon, we have his statement to the effect that he never visited the 
locality.16 Furthermore, the writer has found no evidence of W. G. Wright17 
or T. S. Brandegee!8 having botanized at the canyon. In passing it may be 
noted that C. C. Lamb collected vertebrates at Las Palmas Cafion,!9 but an 
examination of Lamb’s field books preserved at the Museum of Vertebrate 
Zoology, University of California, offered no satisfaction that this locality is 
the equivalent of Cantillas Canyon. Likewise, Edmund Heller, mammalogist- 


14 West Am. Sci. 7:9. 1890. 

15 For biography see Jepson, Madrofio | :273-274. 1929. 

16 Munz and Johnston, Bull. S. Calif. Acad. Sci. 23:35. 1924. 

17 For biography see F. Grinnell Jr., Bull. S. Calif. Acad. Sci. 12:19-21. 1913. 
18 For biography see Setchell, Univ. Calif. Publ. Bot. 13:155-178, portraits, 1926. 
19 J. Grinnell, Univ. Calif. Publ. Zool. 32:25. 1928. 
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collector, camped and collected about Agua Escondido,? Palomar,2! and 
Labozo, “all in the same vicinity” as Laguna Hanson, in the fall of 1902.7" 
From Heller’s map (pl. 38) it would seem that these localities are on the 
desert side rather than on the plateau-like summits of the Sierra Juarez. The 
itinerary account by D. G. Elliot does not elucidate these uncertainties how- 
ever. They are not on any other map that I have seen. 

Cantillas Canyon has an importance beyond the field of botany, according 
to M. E. Jones. In a letter of Jan. 21, 1929, he writes, “the significance of 
this cafion is that it is the first one [south of the boundary} that has water in 
it, and for this reason was the camping place of the overland travelers from 
Tia Juana or Ensenada to Arizona by way of the lower Colorado River across 
the Laguna Salada and the Cocopah Mountains. This was the great Indian 
trail for generations since the water was about a day’s ride from the Colorado 
to the Cocopah, and a day from there to the Tanks.”23 Jones, in publishing 
essentially the above account, went somewhat further in characterizing what 
he describes as “Tanqui Cafion.” He writes, “the significance of this cafion 
lies in the fact that this is the first and only place where water is to be had 
south of the border... . It was for a long time an Indian settlement.”24 It 
is doubtful indeed is Cantillas Canyon (assuming Jones’ “Tanqui Cafion” to 
be this locality on the basis of a MS map drawn by Orcutt) is the “only place 
where water is to be had south of the border” along the eastern face of the 
Sierra Juarez. On the contrary Agua Caliente or Palomar Canyon, mentioned 
by MacDougal,?° is definitely known to offer potable water. The latter 
watering place is near the southern end of the range. The suggestion made 
by Jones as to the part played by Cantillas Canyon as a stopping place for 
travelers is, to be sure, worthy of consideration. Indeed, the only alternative 
overland route across the desert to coastal southern California by way of Yuma 
was the well known Butterfield stage route via the Carrizo Creek and Val- 
lecitos. It is not surprising, therefore, to find a canyon along the Lower 
California route an early point of botanical exploration, first by Dunn, to be 
followed by Palmer and Orcutt. 


LocATION AND PHYSIOGRAPHY 


Although the precise location of Cantillas Canyon cannot be derived from 
the several maps examined, evidence gathered from letters, manuscripts and 
20 Not locality of nearly same spelling in Cape District (cf. Grinnell, I.c. 20). 


21 Not “Palomar Canyon,” shown on Godfrey Sykes’ map (fig. 1) in MacDoug- 
al’s “Desert Basins of the Colorado Desert” (Bull. Am. Geog. Soc. 39:724- 
725. 1907), which is at the south end of Sierra Juarez and also called “Agua 
Caliente.” 


Elliot, Field Museum Publ. Zool. 3:206. 1903. 


23 The “Tanks” are the “water holes” of the lower canyon. Jones’ name “Tanqui”™ 
is without much question simply a perversion, prevalent all over Mexico, of 
the English word “tank,” says Prof. S. G. Morley, Univ. Calif. Dept. of 
Spanish. 

24 Jones, Contr. Western Bot. 15:37. 1929. 

25 MacDougal, Bull. Am. Geog. Soc. 39:724-725. 1907. 
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sc>*tered publications focus upon an approximation of its location. My con- 
clusions can be presented as follows: 


(1) Cantillas Canyon is one of several, perhaps the largest, of the so- 
called “box canyons” of the desert slope of the Sierra Juarez (or Peninsular 
Range) of extreme northern Baja California, at about lat. 32° 15’ N. Ie 
drains into the Laguna Salada Basin (Cosby) or Pattie Basin (MacDougal) 
whose depression is filled by the ephemeral Laguna Salada (the Mexican 
name) or Laguna Maquata (the Cocupah name) ?6 in years of unusual rains 
or of the Colorado River overflow. Certain general notes on the physiography 
of the Sierra Juarez can find a place here. Kniffen, in his paper, “The natural 
landscape of the Colorado Delta,” remarks that the “eastern front” of the 
Sierra Juarez “presents a remarkably regular scarp wall.”27 Cosby adds, “Ex- 
foliation and weathering has been active, and the torrential rains have cut deep 
canyons.”28 Probably Lindgren’s description of the country, from the geolo- 
gist’s viewpoint, expresses best what many authors have written less graphi- 
cally.29 In passing from the coast eastward toward the Gulf of California 
he writes, “It is not possible to see just where the divide is, so level is the 
general surface of the country near the summit. For a few miles eastward 
{from San Rafael Valley} this character is preserved and then signs of a more 
active erosion begin to appear. The pine forest of the plateau disappears, 
the water-courses are worn down into gorges and cafions walled in by white, 
abrupt, granitic ridges; the country slopes rapidly. It is a wild landscape of 
bare granite hills. Finally, climbing one of the ridges, the spectator suddenly 
and unexpectedly finds a view extended before him which in grandeur and 
sublimity is surpassed by but few places on the continent. He stands at the 
edge of a gigantic escarpment, descending about 3,000 feet in about five miles; 
naked granite cliffs, separated by steep ravines and a few cafions more deeply 
cut into the rock form the face of this escarpment; at its base the Colorado 
Desert spreads out, a dazzling white plain.” 


(2) The distance of the canyon south of the international boundary is 
variously estimated by different writers. From a holographic letter written 
by C. R. Orcutt with a crudely drawn but useful map, dated Nov. 29, 1928, 
I quote the following notes bearing on the location of the canyon: “Campo 
Juarez*1! is about 50 miles s.e. of Campo. . . The descent to the Tantillas 
(fide Palmer), or Cantilles*? Cafion begins at the eastern edge of Campo 
Juarez. . . The pifione forest is reached at 35 or 40 miles from Campo. I pre- 
sume it’s only 20 miles north of the cafion to the boundary line at Jacumba 


“Great Salt Lake Maguata” of Lindgren. See MacDougal, op. cit. 
Kniffen, Univ. Calif. Publ. Geog. 5:150. 1932. 

8 Cosby, Geog. Rev. 19:619. 1929. 

See also Nelson, Mem. Nat. Acad. Sci. 16:15, 55. 1922. 
Lindgren, Proc. Calif. Acad. Sci. ser. 2, 1:190. 1888. 


Gold mining camp, “about 20 miles north of Campo Nacional” (Lindgren). 
Shown as “Juarez” on Nelson's map (pl. 35 of op. cit.). 


2 A spelling frequently used by C. R. Orcutt. 
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Valley. Palmer’s Tantillas Mountains probably were the Campo Juarez 
placeres. The cafion is deep and narrow, opening to the Colorado Desert to 
the west of Laguna Maquata . . . but I’ve never been to the cafion from the 
desert side.”33 Orcutt has underestimated the distance south of the boundary 
in this quotation, from an examination of the maps, but in his interesting 
brochure on the “Cantillas of northern Lower California”®4 he has increased 
the figure to “about forty miles.” Frank Stephens, long-time resident naturalist 
of San Diego who knew both Palmer and Dunn, in a letter to the writer 
dated Jan. 30, 1936, assigns the distance to be “thirty or forty miles.” 


(3) On a label for a collection in the U. S. National Herbarium of Lotus 
argyreus (Greene) Greene made by Palmer (his no. 100) there appears the 
phrase “Cantillas Mountains, ten miles from Tres Pozos.”35 There are two 
localities bearing the same name “Tres Pozos”: one on the cismontane slope 
of the Sierra Juarez?6 and the other on the desert floor below the eastern spurs 
of the range, at the southeast end of the Laguna Salada Basin. From the 
known facts of Palmer’s itinerary the more northern cismontane locality of 
that name is the one referred to on the label. If the position of this Tres 
Pozos is taken as nine miles south of the boundary at about lat. 32° 20’, about 
one mile from Japa (a well-known Orcutt locality), Cantillas Canyon can be 
said to lie between, and slightly to the east of, Tres Pozos and Topo. 


(4) Sereno Watson, doubtless on the basis of Palmer’s computations, 
placed the canyon as “about eighty miles southeastward from San Diego.”37 
This agrees well with the position of the canyon as determined by the sketch 
map and statements of Orcutt, who botanized at the canyon in two successive 
years, 1883 and 1884. 


(5) Cosby’s “Las Palmas,”38 the name given a group of palms at the 
upper edge of the “piedmont alluvial slopes of coarse material” at about lat. 
32° 20’, Grinnell’s (i.e. C. C. Lamb’s locality) “Las Palmas Canyon,”39 and 
Jones’ “Tanqui Cafion,”2? the first canyon south of the boundary offering a 
potable water supply, are probably then one and the same Cantillas Canyon. 


(6) An alternative explanation for locating the canyon advanced by Prof. 
Grinnell in my discussing the problem with him is that there are several can- 


33 From original letter loaned by Dr. I. M. Johnston. 

34 Orcutt, West Am. Sci. 8:75-77. 1893. Here another name “Canyono de la 
Bajada” is given for the canyon. See also p. 79 where “Horse-thief Canyon” 
appears. 

35 Fide Ottley, Univ. Calif. Publ. Bot. 10:212. 1923. 

36 Shown on Am. Geog. Soc. map “Baja California—Norte,” scale: 1:1,000,000 
(1928 >?). 

37 Proc. Am. Acad. 11:146. 1876. 

38 Not Orcutt’s locality “Valle de los Palmas” (West Am. Sci. 2:37-41. 1886), 
at headwaters of Tiajuana River, about 12 miles south of boundary. some 
30 miles inland from coast. 


39 J. Grinnell, Univ. Calif. Publ. Zool. 32:25. 1928. 
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yons along the Sierra Juarez escarpment, from about twenty-five miles south 
of the boundary southward at intervals at least to the Sierra de las Pintas at 
the south end of the Laguna Salada Basin, which share most of the features 
of Cantillas Canyon. Each author has described, named or renamed, the 
canyon he knows best but no one person has explored the entire eastern face 
of the Sierra Juarez. 


(7) “Canyon de Cancio,” visited by E. A. Goldman and mentioned by 
E. W. Nelson in his survey of Lower California,49 is not the Cantillas Can- 
yon in question, though the phonetics of the place name would easily lead one 
to such a conclusion. Nelson and Goldman’s locality is “about 55 miles 
from Ensenada” and about 40 miles from Tiajuana, lying between these two 
towns. Its location is indicated on the “Reconnoissance map of Lower Cali- 
fornia,” plate 35 of Nelson’s work. “Cancios,” locality on Nordhoff’s map! 
situated between Cariso and Vallecitos, is undoubtedly an orthographic variant 
for Canyon de Cancio. Nelson’s account of Canyon de Cancio fixes the iden- 
tity of Nordhoff’s “Cancios” as follows: “From {Guadalupe Valley} the road 
followed up the Canyon del Burro to the top of a ridge, said to be the highest 
point on the road between Ensenada and San Diego,42 and descended to a 
little valley called Vallecitos. Beyond this another low ridge was crossed and 
then the Canyon de Cancio descended to a ranch of the same name.”43 
Orcutt’s descriptions and manuscript may of Cantillas Canyon and routes 
thereto, on the other hand, clearly exclude the possibility of Canyon de Can- 
cio’s representing the historic desert locality of botanical interest since it is a 


canyon of the coastal slope of the peninsular divide at the headwaters of the 
Tiajuana River. 


PLANT Species DESCRIBED FROM CANTILLAS CANYON COLLECTIONS 


Palmaceae 


Brahea armata Watson, Proc. Am. Acad. 11:146. Feb. 1876. Based on 
Palmer’s collection from “Big Cafion of the Tantillas, Lower California,” 
Sept., 1875, where it is described by Palmer as growing “from fifty to sixty 
feet high, its long, graceful, pendant branches of fruit making it a beautiful 
object” (Am. Nat. 12:598. 1878).44 Orcutt writes that “thousands of the 
‘blue palm’ with their glaucous green tops, dot the borders of the arroyo” 
(West Am. Sci. 8:76. 1893). This species now treated as Glaucothea armata 
(Wats.) Cook (cf. Johnston, Proc. Calif. Acad. Sci. ser. 4. 12:991. 1924). 


Washingtonia filifera Wendl., Bot. Zeit. 37:68. 1879. The type locality is 


not certainly known but “there is reason to believe,” says Parish, “that some 


40 Nelson, op. cit. 48. 
41 Nordhoff, Peninsular California, map facing p. 11, 1888. 


42 Present road between these points, relocated from date of this writing, closely 
follows the coast. 


43 Nelson, op cit. 48. 
44 Reprinted verbatim in Am. Jour. Pharm. 50:543. 1878. 
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of the earliest subsequent importations of seed [to that of Roezl} were col- 
lected by the late George W. Dunn in Cantillas Canton” (Bot. Gaz. 44:414. 
1907). Goldman (Contr. U. S. Nat. Herb. 16:316. 1916) credits Bandegee 
as holding essentially the same view. That is, though the original seed may 
or may not have come from Cantillas Canyon, seed of the Washingtonia palms 
from that locality was early introduced into horticulture and must have figured 
in the characterization and the subsequent confusion of the species. See also 


Parish, Bot. Gaz. 48:462-463. 1909 and Brandegee, Zoé 5:187. 1905. 


Polygonaceae 


Eriogonum foliosum Watson, Proc. Am. Acad. 20:371. Feb. 21, 1885. 
Based on Palmer’s collection (“no. 348 of 1875”) from the “Cantillas Moun- 
tains.” Paratypes are Orcutt’s colletcions from the same region made in 1882 
and 1883. Palmer apparently numbered his year’s collection by families at the 
close of his season in the field and hence they do not represent field numbers 
and accordingly Watson’s phrase “no. 348 of 1875” carries a definite meaning. 
This is my observation among several genera. Thus a collection of Chori- 
zanthe fimbriata Nutt. made at San Diego in June 1875 bears the number 353 
and the present Eriogonum species, collected in September 1875, number 348. 
The two plants were collected at an airline distance of “about eighty miles” 
and with an interval of four months! Other examples might be cited to point 
to the conclusion that Palmer numbered his collections at the end of the jour- 
ney or season and from some evidence at hand apparently family by family. 


Eriogonum Orcuttianum Watson, Proc. Am. Acad. 20:371. Feb. 21, 1885. 
Based on Orcutt’s collection of August, 1883, from “Cantillas Mountains,” 
according to the original description but more precisely, according to Orcutt 
(Am. Plants 1:77. 1907-1908), collected by H. C. and C. R. Orcutt at Can- 
tillas Canyon. For notes on this species see Johnston, Proc. Calif. Acad. Sci. 
ser. 4, 12:1013. 1924. 


Cruciferae 


Lyrocarpa Palmeri Watson, Proc. Am. Acad. 11:123. Feb. 1876. Based 
on Palmer’s collection of Sept. 1875 at Cantillas Canyon. 


Leguminosae 


Astragalus Orcuttianus Watson, Proc. Am. Acad. 20:361. Feb. 21, 1885. 
Based on C. R. Orcutt’s collection of August 1883 made at the canyon. 


Dalea Orcuttii Watson, Proc. Am. Acad. 20:359. Feb. 21, 1885. Based 
on C. R. Orcutt’s collection of October 1882 made at Topo and of July 1884, 
at the canyon. Parish (Bot. Gaz. 55:305. 1913) considers this species (under 


Parosela) as close, and by inference related, to Parosela Parry: (T. & G.) 
Heller. 


Hosackia argyraea Greene, Bull. Calif. Acad. Sci. 1:184. 1885. Based on 
C. R. Orcutt’s collection of October 1884 from “Cantillas Mountains.” Now 
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treated as Lotus argyraeus (Greene) Greene. See Ottley, Univ. Calif. Publ. 
Bot. 10:212. 1923. 
Asclepiadaceae 


Lachnostoma hastulatum Gray, Proc. Am. Acad. 11:87. Jan. 5, 1876. 
Based on Palmer’s collection of Sept. 1875 from the canyon. 


Polemoniaceae 


Loeselia effusa Gray, Proc. Am. Acad. 11:86. Jan. 5, 1876. Based on 
Palmer’s collection of Sept. 1875 from “Tantillas Mountains.” An apparent 
synonym is “Gilia Dunnii Kell., Pacific Rural Press, May 31, 1879.” 


Loeselia tenuifolia Gray, ibid. Based on “W. Dunn” fi.e. G. W. Dunn] 
and Palmer’s collections of Sept. 1875 from “Tantillas Mountains, especially 
at the [upper} entrance of the Great Cafion,” that is, as approached from the 
summit of the Sierra Juarez range. 


Scrophulariaceae 


Pentstemon Clevelandii Gray, Proc. Am. Acad. 11:94. Jan. 5, 1876. Type 
locality as recorded by Gray: “Cafion Tantillas in Lower California, received 
from D. Cleveland in flower, and later from Dr. Palmer in fruit.” Munz 
and Johnston concluded (Bull. S. Calif. Acad. Sci. 23:35. 1924) on the fol- 
lowing statement of Cleveland that its type locality must be considered as 
Buckman Spring, San Diego County, California. Cleveland’s statement fol- 
lows: “The type specimen of P. Clevelandii must have been collected in the 
vicinity of Buckman’s Spring—which is about ten miles east of Campo. I 
never collected in Cafion Tantillas.” An isotype in the Brandegee Herbarium 
clarifies this contradiction. The label in Cleveland’s hand, a characteristic 
small ticket without a collector’s heading taken in this instance from a ledger 
page and bearing the number “393” printed in blue, shows the original col- 
lector to be, not Cleveland but, George W. Dunn! That is, Dunn collected 
the plant at Cantillas Canyon, May 29, 1875, and took it to Cleveland who in 
turn communicated it at once to Asa Gray. This isotype is in “flower.” The 
type collection was credited by Gray to Cleveland as collector outright very 
soon after the original publication and the error has ben accordingly perpetu- 


ated (cf. Bot. Calif. 1:559. 1876). 
Lobeliaceae 


Palmerella debilis Gray, Proc. Am. Acad. 11:80. Jan. 5. 1876. Based on 
Palmer’s collection of Sept. 1875 from the canyon. Orcutt says, “The beauti- 
ful ‘Chile de la agua’ (Palmerella debilis Gray) clusters around the single 
spring near the base of the trail” (West Am. Sci. 8:76. 1893). For discus- 
sions of the validity of the binomial, chiefly from the viewpoint of fairness to 
the original (?) collector, G. W. Dunn, see Greene in Pittonia 1:297. 1889; 
Palmer in West Am. Sci. 7:9. 1890; K. Brandegee in Zoé 1:373. 1891. 


Compositae 


Bigelovia spathulata Gray, Proc. Am. Acad. 11:74. Jan. 5, 1876. Based 
on Palmer’s collection of Sept. 1875 from “near the [upper] entrance of the 
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Tantillas Great Cation.” Now placed either in Ericameria or Haplopappus*® 
(cf. Hall, Carn. Inst. Wash. Publ. 389:284-285. 1928. The identity of “Can- 
tillas’ and “Tantillas” was not recognized and the type locality was referred 
to erroneously in one place as being in San Diego County, Calif.). 


Franseria flexuosa Gray, Proc. Am. Acad. 20:298. 1885. Based on Or- 
cutt’s collection of 1884 from the canyon. 


Franseria ilicifolia Gray, Proc. Am. Acad. 11:77. Jan. 5, 1876. Based on 
Palmer’s collection of Sept. 1875 from the canyon. 


Perityle Emoryi Torr. var. Orcuttii Rose, Bot. Gaz. 15:117. 1890. Based 
on Orcutt’s collection of July 1884 from “Cafion Cambellos” but corrected by 
Orcutt to “Cantilles’32 (Am. Plants 2:730. 1909). 


CHRONOLOGY 


1875. May 29. George W. Dunn botanized at Cantillas Canyon. 
Sept. 10. Edward Palmer, with G. W. Dunn as guide, made the first 


thorough collections at the canyon. 


Oct.12. Asa Gray read his paper before the American Academy of 
Arts and Sciences making known to science for the first time many 
of Palmer’s collections. 


1876. Jan. 5. First appearance in print of Gray’s descriptions of plants collected 
by Palmer the previous year (Proc. Am. Acad. vol. 11). Herein 


the name “Tantillas” is used consistently. 


Feb. Appearance of Watson’s paper in which several Palmer collections 
are described as new (Proc. Am. Acad. vol. 11). 


1878. Sept. 13. George W. Dunn collected at “Big Cafion” (i.e. Cantillas C.), 
fide Palmer (West Am. Sci. 7:9. 1890). 


1881. Sept. 20. G. W. Dunn botanized at the canyon (Palmerella debilis 
collection in the Univ. Calif. Herb.) 


1882. Oct. 7. Charles Russell Orcutt collected in the “central mountains,” as 
about Topo, but is known to have visited the canyon itself. (cf. Proc. 


Am. Acad. 20:359. 1885 and West Am. Sci. 8:32. 1893). 


1883. July 26. C. R. Orcutt, accompanied by his father, Heman Chandler 
Orcutt, visited Adams Ranch, Japa, Topo, and finally reached the 
“pinery, Hansons Ranch” (i.e. Laguna Hanson, “6,000 feet”), on 
his first extensive collecting trip through the region (cf. West Am. 
Sci. 8:31-35. 1893). 


45 “Buckman’s Soda Springs” of C. R. Orcutt. 


46 Spelling sanctioned by Committee on Nomina generica conservanda (cf. Intern 


Rules, ed. 3, pp. 110, 138. 1935). 
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July 28. Orcutts swing “to the south of the pifions” (Bull. Torr. Club 
10:107. 1883), that is, to the country south of Laguna Hanson. 


July 30. Orcutts again paused at Hansons Ranch en route to Cantillas 
Canyon. 


July 30-Aug. 1. Orcutts botanize at Cantillas Canyon, returning on the 
third day to Laguna Hanson area. 


1884. July 7. Orcutts “made more exhaustive collections and revisited” Can- 
tillas Canyon (cf. West Am. Sci. 8:34. 1893), visiting Hansons 
Ranch on 9th, and spending the whole month poking about the “Can- 
tillas Mountains.” 


August. Orcutts descend to the desert floor at the mouth of Cantillas 
Canyon accompanied by an Indian guide. (cf. West Am. Sci. 7:158. 
1891). 


1885. Feb. 21. Watson’s paper on Orcutt’s collections appeared (Proc. Am. 
Acad. vol. 20). 


April 18. C. R. Orcutt visits Hansons Ranch but so far as known did 
not visit Cantillas Canyon at this time. 


1928. June. Marcus E. Jones visits the tanks at “Tanqui Cafion” which he 
believes to be the Cantillas Canyon. 


1929. June 6. Jones’ account of his search of the previous year for the “myth- 
ical” Cantillas Canyon appears in his Contributions to Western Bot- 
any, vol. 15, p. 36. 
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A Remarkable Colony of Coastal Plain Plants on the 
Cumberland Plateau in Laurel County, Kentucky 


E. Lucy Braun 


A small area of wet meadow and swamp forest on the Cumberland Plateau 
near the headwaters of the Laurel River in Laurel County, Kentucky, contains 
a remarkable assemblage of Coastal Plain species. Here are fifteen or sixteen 
distinctly Coastal Plain species and a number of others whose ranges might 
be stated as “Coastal Plain and adjacent provinces.” Furthermore, some of 
these species are among the commonest in the area concerned. Coastal Plain 
species occur in other places on the Cumberland Plateau; the remarkable fea- 
ture of this colony is, however, the grouping together of so large a number 
of such species in a relatively small area. More than half the species have 
not as yet been seen elsewhere on the Cumberland Plateau. 


The headwater tributaries of the Laurel River are unrejuvenated sluggish 
streams meandering on the least dissected portion of the Cumberland Plateau 
(i.e., on a remnant of the uplifted Cumberland or Schooley peneplain). Most 
of the smaller valleys are so broad and flat that they are scarcely perceptible 
as valleys. The soil is a fine sandy silt loam, pale gray or almost white, and 
acid in reaction. Hydro-mesophytic forests in which sweet gum, pin oak and 
red maple are dominant species and forests of beech, beech and sweet gum, 
ot beech and white oak generally occupy these valleys. Small openings often 
occur along the streams and around the almost imperceptible minor tributary 
heads, along the intermittent course of wet-weather streams, and around de- 
pressions. 


In one of these valleys, east of London, the meadow and forest containing 
the assemblage of Coastal Plain species occur. The composition and ecological 
relations of the communities of this Laurel County area are here recorded, for 
this colony of Coastal Plain species is considered to be important in the recon- 
struction of vegetational history and affinities of the flora of the Cumberland 
Plateau. ! 


The meadow is in part open, grassy, and dominantly herbaceous. Tangles 
of shrubbery and small trees, mostly sweet gum and red maple, are irregu- 
larly scattered through the meadow; dense stands of small sweet gum and red 
maple (obviously secondary) have in places all but eliminated herbaceous 
vegetation. Mature forest (primary) is adjacent to the meadow on one side 
The present meadow has been formed through the expansion of the openings 
in the previous forest and hence is in part primary. 


1 For discussion of vegetational history, see Braun, Rhodora 39: 1937; “Some 
relationships of the flora of the Cumberland Plateau and Cumberland Moun- 
tains in Kentucky.” 
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The meadow is a mixed community displaying no definite dominants, 
though one grass Uniola laxa, is locally dominant. The herbaceous plants 
of the meadow are: 


* Andropogon glomeratus2 * Panicum longifolium 

Andropogon scoparius Panicum polvanthes 
* Aristida affinis s Panicum stipitatum3 
* Calamagrostis cinnoides * Uniola laxa 


Aspidium noveboracense Osmunda cinnamomea 
Aspidium thelypteris Osmunda regalis 
Asplenium angustum s Selaginella apus 
Lygodium palmatum * Woodwardia areolata 


Aletris farinosa Linum virginianum 
Ascyrum hypericoides * Lobelia Nuttall‘i 

* Ascyrum stans Lysimachia quadrifolia 
Aster dumosus Polvygala Curtissti 

* Eupatorium rotundifolium s Rhexia mariana var. leiosperma 

(var. typicum) s Rhexia virginica 

Galium Claytonii * Scutellaria integrifolia 
Gentiana saponaria Solidago nemoralis 

* Gerardia (Agalinus) purpurea Solidago aspera 

* Gratiola pilosa Spiranthes cernua 
Habenaria lacera s Trautvetteria carolinensis 

s Helenium nudiflorum * Viola primulifolia 
Hieracium Gronovii Viola cucullata. 
Linum striatum 


Small trees are scattered through the meadow, and a variety of shrubs form 
more or less extensive thickets, in places entirely supplanting the sun plants 
of the meadow. Here are: 


Acer rubrum Nyssa sylvatica 
s Betula nigra Oxvdendrum arboreum 
s Liquidambar styraciflua s Quercus falcata (Q. rubra) 


Alnus rugosa Rhododendron sp. (red Azalea) 4 
Corylus americana * Rhododendron nudiflorum 
Hypericum prolificum Rubus hispidus 
Ilex verticillata * Rubus trivialis 

* Itea virginica s Smilax glauca 

s Lyonia ligustrina Spiracea tomentosa 
Pvrus melanocarpa 


Mats of Pallavicinia Lyellii (Hook.) S. F. Gray, and large mounds of 
Sphagnum, Polytrichum and Leucobryum are frequent. 


The forest bordering this meadow varies in composition with variations in 
soil moisture dependent upon very slight differences in elevation. In the 
lowest and hence wettest parts is an open red maple-sweet gum forest in which 


2 The * before a name indicates Coastal Plain species. 

3 The s before a name indicates southern species. 

4 This is the red Azalea referred to in the “Vegetation of Pine Mountain, Ken- 
tucky (Braun, American Midland Naturalist 16:531), as red Azalea; 
referred to by Small (Manual of Southeastern Flora, 1933) as possibly dis- 
tinct from A. calendulacea; and referred to by Camp (Jour. N. Y. Bot. 
Garden, 37, no. 439, 1936) as “red Azalea.” 
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pin oak, and occasionally swamp white oak are secondary species. Where 
slightly less wet, a larger number of species form the canopy: Acer rubrum, 
Liquidambar styraciflua, Quercus palustris, Q. falcata, Q. alba, Fagus grandi- 
folia, Nyssa sylvatica, and occasionally, Liriodendron tulipifera and Castanea 
dentata. The undergrowth plants of this forest and the forest openings are: 


Cinna arundinacea Leersia virginica 


Aspidium noveboracense Onoclea_ sensibilis 
Aspidium thelvpteris Osmunda cinnamomea 
Asplenium angustum Osmunda regalis 
Lygodium palmatum 


* Bartonia paniculata Mimulus alata 
Boehmeria cylindrica Mitchella repens 
Cardamine rotundifolia Polygonum sagittatum 
Carex lupulina Solidago serotina 
Chelone glabra Steironema lanceolata 
Impatiens biflora s Trautvetteria carolinensis 
Lobelia cardinalis Viola cucullata 
Lycopus virginicus Viola pallens 
Medeola virginiana * Viola primulifolia 


Alnus rugosa Pyrus melanocarpa 
s Evonymus americanus * Rhododendron nudiflorum 
Evonymus obovatus Vaccinium corymbosum 
s Ilex opaca Vaccinium vacillans 
* Itea virginica Viburnum cassinoides 


Here, as in the meadow, mats of Pallavicinia and mounds of Sphagnum are 
frequent and furnish the preferred site of Bartonia. 


All better drained areas which here are only a few feet above the stream 
or depression levels support a forest of beech or beech-white oak in which red 
maple, sweet gum, Nyssa, chestnut and red oak (Q. borealis maxima) are 
secondary species. The herbaceous and shrub vegetation is sparse and com- 
prises only a few species: 


Asimina triloba s Magnolia tripetala 
s Evonymus americanus s Ilex opaca 


Aspidium noveboracense Lygodium palmatum 
Botrychium obliquum 


Chimaphila maculata Mitchella repens 
Epipactis pubescens Tipularia discolor 
Medeola virginiana Oakesia sessilifolia 


A perusal of the foregoing lists at once shows the greater importance of 
the Coastal Plain plants in the meadow (indicated by *), their lesser impor- 
tance in the swamp forest, and absence from the ecologically most advanced 
forest community. It also shows that somewhat northern species are repre- 
sented in the meadow and swamp forest but not in the mesophytic forest. 
Southern species (indicated by s), here considered intraneous species whose 
general range extends but two or three hundred miles north of the location 


| 
| | 
q 
s form 
plants 
| 
ds of 
ons in 
n the 
which 
| 


366 THE AMERICAN MIDLAND NATURALIST 


under consideration, are represented in all communities of the area, as is to 
be expected. 


Early developmental (successional) stages are always poorly represented 
in any geologically old area. The small areas of wet flats near the heads of 
unrejuvenated streams on the undissected parts of the Cumberland Plateau are 
still unfit for climax vegetation. They are areas which have persisted with 
little change since the uplift of the peneplain, though they have gradually be. 
come smaller and smaller and many have been eliminated. Into these areas 
the now restricted vegetation of the swamps and sandy wet plains of the pene- 
plain has retreated, while all about development has gone on leading toward 
the ultimate complete occupany of mesophytic forest. The plants which re. 
treated into the gradually lessening swamp areas are now the extraneous 
species. Occasionally, man’s interference, by cutting of forest surrounding a 
small opening or stream headwaters swamp, has temporarily given advantage 
to the almost crowded-out relics of peneplain days, enabling them to spread 
and establish more extensive meadow communities. Such meadows, of which 
this is one, are only in part secondary for here and there in the area now 
meadow were small sunny patches. [Extraneous species are eliminated by 
successional advance. 
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Soil Preferences of Some Upland Deciduous Trees 
in Central Minnesota 


R. F. Daubenmire 


In attempting to explain certain features of the distribution of forest types 
in central Minnesota, the writer, in 1934, collected and analysed a series of soil 
samples. At the time these were collected, notes were takn as to the species of 
trees, 1 inch D.B.H. and over, which occurred within a radius of 4 meters of 
the soil station. This procedure has not only made possible the use of the 
data from the standpoint of forest type,? but by more minute reanalysis with 
respect to each species, certain apparent soil preferences of the different trees 


have appeared. 


TABLE | 


Classification of moisture equivalent percentages of the soil samples for each of 
10 species of trees. 


“Moisture Equivalent Percentage Classes 
O- 4] 4- 8-12] 12-15] 15-20 ]20-24' 24-28] 26-32| 32-3 


5 1 5 
Ulmug 2 | 7 1 3 | 2 
Americana 6 4 2 1 1 1 
1 | 4 4 | 1 1 
2 5 3 3 2 
Ulmus 2 3 7 2 1 
| fulva 2 3 i 4 4 1 1 
2 | 4 2 3 2 
Carya } 16 | 1 ei 2 2 4 
cordiformis | 1 2 6 5 2 | 
3 14 9 10 4 | 1 
Acer | 41 3 | 13 10 12 3 | 
saccharum 3 8 | 7 18 4 1 
1 5 Is [13 2 1 
Tilia 43 4 | 17 14 4 4 
americana 6 | 14 7 14 1 1 
6 | 10 6 2 4 2 | 
2 7 17 16 12 * 2 
Ostrya 59 5 21 15 6 
virginiana 7 14 | 13 3 3 
a 9 4 
e 11 4 2 
1 4 12 13 3 3 1 
1 4 | 6 11 9 S 3 
2 | 10 6 5 2 
1 5 10 5 | 4 
2 5 6 6 1s 1 | 
3 |_¢ 3 | 
5 6 11 22 a T 4 1 1 
} 10 3 17 ll 7 5 2 
12 6 7 12 12 7 1 
12 7 6 | 7 13 
9 5 3 1 2 
| Quercus 3 14 4 6 8 1 1 | 
ellipsoidalis 2 8 1l | 5 6 2 4 1 | 
-36" [111 | 8 2 8 3 2 2 1 | | 


*Value for one station omitted. 


4 
[Species |No. of (Horizon 
_|Stations | 26-40 
4 
367 


368 THE AMERICAN MIDLAND NATURALIST 


For purposes of analysis the soil profile was divided arbitrarily into 0-6, 
6-12, 12-24, and 24-36 inch horizons, the samples at each station representing 
a core of soil from the surface to a depth of 3 feet. A total of 676 samples 
from 169 stations were analysed as to water retentitiveness as indicated by the 
moisture equivalent, and reaction as indicated by the quinhydrone electrode. 


In Table 1, the species are arranged in a sequence ranging from the species 
which appear to prefer fine soils to those characteristic of the coarser soils. 
Considerable indicator significance can be attached to most of the trees. Ulmus 
americana* indicates the finest soil classes, and Quercus ellipsoidalis the 
coarsest. The oaks as a group are characteristic of the coarser soils. Quercus 
macrocarpa var. olivaeformis is conspicuous for its apparent indifference to soil 
texture. The species does not grow equally well on all soil types, however. On 
dune sand the tree forms a very open savanna in which the individuals may not 


TABLE 2 


Classification of pli values of the soil samples for each of 10 species of trees. 


Species [No. of [Horizon] classes 
| Stations 


| 
— | 


| 24-36" | 
6” 
6-12" 
12-24" 
24-36" 


+ +4 
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on 
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saccharum 12-24" 
21-36" || 
| O- 6" 
Tilia 6-12" 
ginericane | 12-24" || 
| 24-36» || 
O- 6" 
6-12" 
12-24" 
| 24-36" 
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yuercus 
macrocarpa var. 
olivaeformis 
Quercus | 38 | 6-12" 
ellipsoidalis 12-24" 
24-36" | 


*Value for one station omitted. 


* Nomenclature follows Rosendahl and Butters (3). 
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exceed 2 or 3 meters in height and 2 decimeters in diameter, while on good soil 
it can attain a height of over 25 meters and a diameter of a meter or more. 


It may be noted that most of the species have the narrowest range as to 
texture in the 6-12 and 12-24 inch horizons. From this it might be inferred 
that these are the two most critical horizons in determining the success of the 
different species. 

With few exceptions, most of the trees exhibit the widest range of texture 
in the 24-36 inch horizon. This level would therefore seem less critical than 
the two horizons immediately above. On observing the distribution of the 
figures within the range, however, it is apparent that this horizon is definitely 
important. For example, in Quercus ellipsoidalis the modal class is in the 
lowest percentage class, while in Ostrya, which has nearly identical range, the 
mode occurs near the opposite end of the range. 


The high humus content of the upper 6 inches of soil makes the originally 
diverse surface soils very much alike with regard to water retentiveness. In all 
cases this excess of humus raises the water retaining capacity of the upper layer. 
but especially is this true for the coarser soils. Perhaps this indicates the 
accumulation of humus will in time overcome the xeric nature of the oak soils 
and permit the more mesophytic species to succeed the oaks. The climatic 
climax forest in central Minnesota (the sugar maple-basswood association) is 
at present practically confined to soils whose parent materials were fine 
textured. 


The pH readings of the soil samples are classified by species in Table II. 
It is apparent that the reaction of the upland soils in this region is never 
extreme, the lowest and highest readings encountered being 5.0 and 8.2. 


Quercus alba and Ulmus americana were found to occur almost always 
on acid soils. Aside from these, the distribution of most of the trees appar- 
ently bears little relation to the distribution of acid or alkaline soils. 


This study substantiates the work of Butters and Rosendahl! who have 
previously demonstrated the calcifuge nature of the white oak in Minnesota. 
The American elm seems to be equally as pronounced a calcifuge, although 
the results are somewhat less conclusive due to the smaller number of soil 
samples. Furthermore, the elm is a common weed on alkaline soils of gardens 
in the vicinity of Minneapolis. Competition, soil moisture, or some other 
factor must therefore be of greater importance to this species than soil re- 
action per se. 
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Herpetological Notes from Central Kansas 


Chapman Grant 


The following notes were made while the writer was stationed as Com- 
mandant of R.O.T.C. at the University of Wichita. He was also Curator 
of the Arkansas Valley Museum and Historical Society from 1926 to 1930. 
The specimens, unless otherwise noted, were donated to this Museum. The 
snakes were for the most part exhibited in glass tubes. A note on the method 
of exhibition appeared in Copeia No. 162, p. 21, Jan. 1927. Observations 
which were made on Eumeces obsoletus, appeared in Copeia No. 164, pp. 67- 
69, July 1927. Many more observations were made than appear in these notes, 
but few were recorded. 


Heterodon contortrix. On Oct. 25, ten miles north of Wichita, a small 
specimen was captured. This was kept under observation in captivity for over 
a year and was then sent to Mrs. Grace Wiley. This species was frequently 
seen dead on the roads of Sedgwick Co. Farther west, in Pratt Co., H. 
nasicus seemed to replace the former. 


Coluber constrictor flaviventris. On Sept. 1, 1926, two miles east of 
Wichita, one female was taken. Scale rows, 17-15; gastros., 176; uros., 71; 
labials, 7, 9; 7, 9; length, 21 inches. Underside cream yellow, throat ivory; 
anterior quarter of body with indistinct blotches; next quarter, blotches more 
indistinct; whole upper curface covered with a bloom which rubs off. On 
Nov. 30, 1926 near Langdon, Reno Co. a second specimen was taken. Scale 
rows, 17-15; gastros., 170; uros., 92; labials, 8, 9; 7, 9; length, 141 inches. 
Sixty saddle marks on body. A third individual was taken Dec. 1926, three 
miles northwest of Wichita. Scale rows, 17-15; gastros., 175; uros., 78; 
labials, 8, 9; 8, 9; length, 401% inches. A male was captured on May 1, 1927 
five miles northwest of Wichita. Scale rows, 17-15; gastros., 175; uros., 85; 
labials 7, 8; 7, 9; length 32 inches; throat orange. A specimen captured 20 
miles south of Wichita on Sept. 6, 1926, passed shells of crickets, grasshoppers 
and beetles. On Oct. 21, 1926 a young specimen in captivity partly swal- 
lowed a young Tropidoclonion lineatum head first. The latter was rescued, 
but subsequently was partly swallowed and rescued several times, no worse 
for wear. Finally on Nov. 30, 1926, a large specimen was taken five miles 
north of Wichita. 


Pithuophis sp. An 18 inch specimen collected April 3, 1927, 30 miles 
east of Wichita in Butler Co., had swallowed a small rodent. This species 
was numerous in Sedgwick, Kingman and Pratt Counties. The specimens 
were sent to Mrs. Olive Griffith Stull at Purdue, who was monographing the 
genus at the time. 
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Lampropeltis sp. On April 5, 1927 a specimen was found killed by a 
gtass fire in the city of Wichita. On Aug. 30, 1926 a decapitated specimen 
was found in the road 20 miles east of Wichita in Butler Co. 


Natrix grahamii. On April 17, 1927 specimens were taken from a pond 
in Woodlawn Cemetery, Wichita: 


Rows Gastros. Uros. Labials Length Ventral Line 


166 
161 
166 
174 
177 
172 
163 


W 


35th gastro. to vent 
last half, dim 

last third, dim 

last 32 gastros. 

last half, dim 

last half, plain 

last third, dim 


The second female listed above had three posterior and three anterior 
orbitals on the left side. The most noticeable peculiarity of this species is the 
chestnut brown eye with very small pupil. On April 29, 1927, from a pond 
in the Roe Cloud Indian School, Wichita, a specimen was observed on a dirt 
shelf at the edge of a pond with a Cambarus in its mouth. Three other 
shelves were found, covered with snake droppings and Cambarus shells which 
appeared to have been eaten by snakes. 


Natrix rhombifera. On Aug. 28, 1926 two specimens were taken on an 
islet in Little Salt Marsh, Reno Co. Scale rows 25, 23, 21, 19 in each; 
gastros., 143 and 138; uros., 68 and 75; labials, 8, 11; 8, 11 and 8, 10; 8, 10; 
length 2914, and 23 inches; oculars, 1, 3; 1, 3 and 1, 3; 2, 3. One large speci- 
men lived in the Woodlawn Cemetery pond in Wichita. After several at- 
tempts it was captured and sent to Mrs. Grace Wiley of the Public Museum, 
Minneapolis, who kept it alive eight years. 


Natrix sipedon sipedon. A female was captured on Aug. 29, 1926 at 
Langdon, Reno Co.; scale rows, 23, 21, 19; gastros., 138; uros., 69; labials, 
8, 10 with a rudimentary sixth; 8, 11; length, 1914 inches. Three other speci- 
mens escaped from under the same board which was lying partly under water. 


Tropidoclonion lineatum. Between Oct. 15 and Nov. 8, 1926, nine 
crushed specimens were seen on the streets of Wichita. On the latter date 
a live one was found basking on the sidewalk. It was kept alive for a year 
during which time it had adventures with a blue racer which were mentioned 
above. It was then sent to Mrs. Wiley. Another crushed specimen was 
noted on April 8, 1927. 


Thamnophis radix radix. A female was collected on Aug. 30, 1926 at 
Little Salt Marsh, Reno Co. Scale rows, 21, 19, 17; 291/4 inches; gastros., 
164; uros., 79. This and many other specimens had fallen into sunken duck 
blinds. These were thin to emaciation and were taken home where they ate 
raw hamburger and were regaining their flesh. They were then fed some frogs 
and thereafter would not touch hamburger and became as emaciated as when 
captured. Shortly thereafter they all died at the same time, probably from 
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too much sun. Several were seen by flashlight which apparently were hunt- 
ing food along the edge of the grass on the shore of Little Salt Marsh. I 
had supposed this species to be diurnal. On Nov. 30, 1926, in northern 
Barber Co., another individual was taken near permanent water. Scale rows, 
21, 19, 17; gastros., 158; uros., 60; labials, 7, 10; 7, 10; length 3114 inches. 
A female was collected on Nov. 26, 1927 at Little Salt Marsh. Scale rows, 
21, 19, 17; gastros., 151; uros., 74; labials, 7, 10; 7, 10; length 32 inches. No 


red was observed on this specimen. 


Thamnophis sauritus proximus. A male was captured near a permanent 
pond on Aug. 29, 1926 at Langdon, Reno Co. Scale rows, 19, 17; gastros., 
171; uros., 104; labials, 9. 10; 8, 10. 


Thamnophis sirtalis parietalis. Four specimens are here recorded. The 
first was taken on Aug. 29, 1926 at Langdon, Reno Co. Scale rows, 19, 17; 
gastros., 157; uros., 88; labials, 7, 10; 7, 10. The second was caught on Nov. 
26, 1926, near Langdon, Reno Co. Scale rows, 19, 17; gastros., 156; uros., 
72; labials, 7, 10; 7, 10; length 27 inches. A third was taken on April 25, 
1927 at Wichita. Scale rows, 19, 17; gastros., 156; labials, 7, 10; 7, 10; red 
shows on the gastros. of this specimen; tail broken. A fourth individual was 
likewise taken at Wichita on May 3, 1927. Scale rows, 19, 17; gastros., 158; 
uros., 66; labials, 7, 10; 7, 10; length 30 inches. It was noted that the ribs 
are progressively dilated just anterior to the point where the skin is peeled 
back to facilitate the process of shedding. 


Sternotherus odoratus. At the State Fish Hatchery at Pratt on Aug. 29, 
1926, numbers of these turtles were observed in the turtle traps. Again on 
Sept. 6, 1927 many dead ones were noted on the road near the Arkansas 
River south of Wichita. 


Chelydra serpentina. This species was abundant in the traps at Pratt on 
Aug. 29, 1926. On Sept. 6, 1927 a number of dead ones were seen on the 
road near the Arkansas River south of Wichita. Many also were seen in 
Sedgwick, Reno, Kingman and Pratt counties, but no records were kept. 


Terrapene ornata. This species is quite common near the Little Salt 
Marsh in Reno County. Many were seen dead on the road and others were 
found hiding during the heat of the day under the edges of logs. They seem 
to occur in colonies. Several specimens were observed in captivity where they 
mated in September. They will chase after black beetles which they crunch 
down with apparent relish. A green sphingid caterpillar is also eagerly sought. 
Almost any kind of fruit is eaten, but meat is greatly preferred. 


Chrysemys picta belli. This species is frequently taken in the turtle traps 
at the Pratt fish hatchery. Many specimens were seen dead on the road near 
the Arkansas River early in September, south of Wichita. 


San Dieco, CALIFORNIA. 


re hunt- 
larsh. I 
northern 
le rows, 
» inches. 
le rows, 


es. No 


rmanent 
gastros., 


1. The 
19, 17; 
mn Nov. 
uros., 
pril 25, 
10; red 
ual was 
s., 158; 
the ribs 
peeled 


ug. 29, 
Zain on 
rkansas 


ratt on 
on the 
seen in 


le Salt 
were 
y seem 
re they 
crunch 
ought. 


> traps 
d near 


The Birds of Dakota County, Nebraska 
T. C. Stephens 


I.—History of the Literature 


The first ornithological work done in this county was published in 1878 
as a general list by Professor Samuel Aughey, of the University of Nebraska, 
at Lincoln. While this paper was intended primarily as an investigation of 
the utility of birds in controlling the locust plagues of the 60’s and 70’s, it 
nevertheless reported a list of about two hundred and fifty species for the state 
at large; it was thus an important faunal list, supported by specimens in most 
cases. Aughey’s paper includes ninety species clearly credited to Dakota 
County, and thus forms our basic list. Fisher’s economic study of the hawks 
and owls (1893) repeated a number of Aughey’s records, but gave no new 
ones. Bruner (1896) published a state list which added three new species, 
namely, the Green-winged Teal, the Downy Woodpecker, and the Arctic 
Three-toed Woodpecker. 


In 1904 there appeared the “A Preliminary Review of the Birds of Nebras- 
ka with Synopses,” by Professors Bruner, Wolcott, and Swenk, of the Univer- 


sity of Nebraska. This work made explicit reference to Dakota County for 
a number of species, but we believe that no new species were added. It has, 
however, been invaluable in determining the possibilities in some doubtful 
cases. 


Dr. R. M. Anderson’s work on the “Birds of Iowa” (1907) reported the 
first records of four species for Dakota County, Nebraska, namely, the Glossy 
Ibis, the White-winged Scoter, the Louisiana Paroquet, and the Magpie. Dr. 
I. N. Gabrielson (1914) added twenty-three common summer residents which 
had not been reported previously. In a short note in 1915 Mr. A. F. Allen, 
of Sioux City, added the White Pelican. T. C. Stephens (1917) added the 
Golden Eagle, and again (1918) the Horned Grebe, Rough-legged Hawk, and 
Snowy Owl. In another paper the same writer (1920) added the Double- 
crested Cormorant, Whistling Swan, Osprey, and Purple Finch. Chas. J. 
Spiker (1926) added the Red-shafted Flicker. Stephens (1930) added the 
Hooded Merganser, American Merganser, and Red-breasted Merganser. 


William Youngworth (1931b) published the first record of the Turkey 
Vulture and the Yellow-breasted Chat. Philip A. DuMont (1933) added the 
Northern Shrike and reported Aiken’s Screch Owl as a subspecies. Young- 
worth (1933) added the Red-bellied Woodpecker, and in two notes in the 
following year added the American Rough-legged Hawk and a record of a 
Red-shafted Flicker (1934a) and the White-eyed Vireo and Olive-sided Fly- 
catcher (1934b). The present paper adds eighty-eight species to the existing 
list, making a total of two hundred and twenty-six. 
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II.—Period of Study 


The writer made his first field trip into Dakota County in the spring of 
1907, but no notes were kept. However, there is still the vivid recollection 
of large numbers of Yellow-headed Blackbirds in the marsh at one end of 
Crystal Lake, a species new to the writer. Records were kept beginning with 
May 5, 1909. Since that time the writer has made 169 visits to various parts 
of Dakota County for bird study. It may be worth while to tabulate these 
trips by months in order to indicate the opportunity for seasonal observation. 


September 
October 

November 
December 


The most active work was carried on during the years from 1913 to 1919, 
inclusively. In addition, the daily records of forty-nine trips by others have 
been given to me for comparison and migration dates. 


II1Il.—Topography and Physical Features 


Dakota County, Nebraska, lies in the northeast corner of the State. It is 
boundede on the south by Thurston County, on the west by Dixon County, 
which also makes part of the northern boundary. On the north and east it is 
bounded by the Missouri River, which flows irregularly in a southeasterly 
direction. 

Roughly speaking there are two general topographic surfaces in the county: 
the eroded and dissected uplands and the level river bottomlands, the two 
being separated by the line of “bluffs,” or escarpment, running diagonally 
from the southeastern to the northwestern corner of the county. The upland 
region comprises a little more than half of the county area, and is covered 
with loess soil. This entire area is deeply cut and eroded into gullies and 
gentle slopes, all draining eventually into the Missouri River. There is not 
much level land in this area, but the rounded hilltops are cultivated. 


The lowlands make up a little less than half the area of the county, and 
are covered with alluvial soil. Originally the river bottoms were heavily tim- 
bered, but the forest has long since been removed for the purpose of cultiva- 
tion; though perhaps a great deal of the timber was cut in the days of river 
traffic for steamboat fuel. The width of the Missouri Valley at this point 
is from ten to twelve miles, and at one point the Dakota County bottomlands 
include practically the whole of this width. 


The greatest north and south dimension is twenty-four miles, east and 
west, nineteen. The area of the county is about 290 square miles. The height 
of the bluffs above the valley floor varies from 150 to 300 feet. The flood 
plain is about 1100 feet above sea level; the higher points on the escarpment 
are about 1400 feet. There is no doubt that the river, during its career, has 
cut it valley out of this broad plateau. 
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Throughout the broad valley the occurrence of “ox-bow,” or “cut-off,” 
lakes is common. These are portions of old river bed, and are formed by 
the river taking a short cut and closing up the old loop. Hence these lakes 
are usually horse-shoe shape, and narrow. There have been several of these 
within the county area, and they will be enumerated presently. 

In preparing this discussion of topography the writer has depended to a 
great extent upon the paper by Burchard (1904). 


1V.—Special Localities 


Field work has been carried on especially at certain favorable localities, 
which may be enumerated and located as follows: 

Crystal Lake is a large ox-bow lake, still existent, but at a much lower 
level. It is just beyond the outskirts of South Sioux City, and about four 
miles from Sioux City. The two arms of the lake extend northward, and 
were formerly rather extensive marshes, where Yellow-headed Blackbirds nested 
in great numbers. 

Jackson Lake was another ox-bow lake of good size located a few miles 
west of Crystal Lake, and close to the town of Jackson. It is now dry. 

Blyburg Lake was located in the southeast corner of the county, where the 
bluffs and the river approach. It was little more than a marsh, though, no 
doubt, it arose as a cut-off lake. It has now (1936) been dry for a number 
of years. I visited it many times before it became dry. 

Silver Lake was, in reality, a marsh of considerable size at times, located 
on the western outskirts of the town of South Sioux City. It was often called 
the “Distillery Marsh,” because of the distillery located on its shore. It was 
a rich field for the study of bird life, but has long since become dry. 

The “Warbler Woods” was a small patch of dense thicket and woodland 
of about ten acres on the western margin of South Sioux City, and not far 
from Silver Lake. A visit here, thence to Silver Lake, and on to Crystal 
Lake, made a favorite field trip. 

Coburn Junction is merely a railroad switch on the bottomlands in farming 
country. 


V.—The List 


In the following list an effort has been made to adhere to the sequence 
and nomenclature of the current A. O. U. Check-List, though the writer 
has tried to avoid commitment to subspecies in most cases. In all cases where 
a species had been previously reported by publication this fact is first stated. 
Where such a statement is lacking the species may be considered as first 
presented in this paper. 

1. Loon. Gavia immer. A rare migrant, at least at the present time. 
The only actual record is that of a specimen taken at Crystal Lake and 
mounted by the late A. J. Anderson on August 18, 1906. There is, of course, 
the possibility that this area is within the range of elasson, but there are no 
substantiating specimens. 
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2. HorNnep Gree. Colymbus auritus. First reported by Stephens (1918). 
A rare migrant. In the fall of 1917 a considerable flight of this grebe was 
noticed in the Sioux City area. No previous records were known, nor any 
since. On October 30, 1917, two immature specimens were shot at Crystal 
Lake, and were mounted by A. J. Anderson. 


3. EareD GreBE. Colymbus nigricollis californicus. A regular but not 
a common migrant. One was observed on Silver Lake on May 31, 1913, and 
was chased by a Pied-billed Grebe. Others were observed at the same place 
on May 17, 1916, and May 6, 1917; and on Crystal Lake on May 9, 1917. 
While in the field on April 27, 1920, with a group of students we found two 
of these birds on a small pond just east of Crystal Lake. While we watched, 
a water spaniel dog entered the water. One of the grebes flew and the other 
dived. The dog swam to the spot where the latter went under. When the 
grebe came up in another part of the pond, the dog swam toward it. This 
chase was kept up for fully half an hour, and was going on when we left. 
Sometimes the grebe came up within twenty-five feet of where we stood, but 
seemed oblivious to us. When we went away the dog was about exhausted, 
but the bird was not visibly affected. 


4. PIED-BILLED GrEBE. Podilymbus podiceps. First reported by Gabriel- 
son (1914). A fairly common summer resident. It nested regularly at Silver 
Lake before the latter was drained. Dr. Guy C. Rich had two sets of eggs 
collected at Silver Lake on June 12, and July 6, 1899. 


5. Wuite Petican. Pelecanus erythrorhynchos. First reported by A. F. 
Allen (1915), who referred to a considerable flight in the latter part of Sep- 
tember, 1914, and also noted many dead ones along the highway. Mr. W. R. 
Felton (1932) reported a flock of about 900 on October 4, 1931, near Crystal 
Lake. A common migrant, which I have seen many times in this area. 


6. DouBLE-cRESTED Cormorant. Phalacrocorax auritus. First reported by 
Stephens (1920). An uncommon migrant. The writer is aware of four 
specimens which have been taken at Crystal Lake and mounted, as follows: 
One on October 2, 1906; October 19, 1910; one in the fall of 1917; one in 
the fall of 1919. William Youngworth (1931) reports a specimen taken at 
Crystal Lake on October 18, 1926, and mounted by Mr. Linn. 


7. GREAT BLUE Heron. Ardea herodias. First reported by Aughey, who 
took a specimen at Dakota City in August, 1871. A tolerably common mi. 
grant. 


8. GREEN Heron. Butorides virescens. Frequently seen in suitable environ- 
ment, and doubtless breeds, though no nests have been found. 


9. BLACK-CROWNED NicHt Heron. Nycticorax nycticorax hoactli. An un- 
common migrant. I saw a single individual, adult, on July 3, 1926, at Bly- 
burg Lake, and it is the only record I have within this county. 


10. BrtteRN. Botaurus lentiginosus. First reported by Gabrielson (1914). 
A fairly common summer resident. This bird was a regular breeder at Silver 
Lake before the latter was drained. 
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11. Least Bittern. Ixobrychus exilis. First reported by Gabrielson (1914). 
A fairly common summer resident formerly, but probably not present since 
the drainage of the sloughs. 


12. Grossy Isis. Plegadis falcinellus. First reported by R. M. Anderson 
(1907). A rare and casual visitor. On October 1, 1893, Dr. G. C. Rich 
secured and mounted an ibis which had been killed by a hunter at Silver Lake. 
This specimen was referred to in the Iowa Ornithologist (vol. I, p. 49) and 
later in Anderson’s “Birds of Iowa” as belonging to autumnalis (now falcinel- 
lus). On the basis of geographic probability, the specimen would more likely 
be an immature of guarauna. Dr. Rich reported that the “head and neck 
are speckled,” which probably also indicates guarauna. The specimen is still 
available for anyone who can distinguish the immature stages of these two 
species. 


13. WHISTLING SWAN. Cygnus columbianus. First reported by Stephens 
(1920), who listed a mounted specimen taken at Dakota City on November 
1, 1919, and also two specimens taken at other Nebraska points that year. A 
rare migrant. An entry by D. H. Talbot in an old note-book under date of 
November 11, 1886, is as follows: “Alfred Snyder brought in a swan that 
he claimed he shot the night before at Blyburg, Nebraska. Paid him $1.50 
for it. Male.” On April 4, 1901, A. J. Anderson mounted a “swan,” which 
had been killed at Crystal Lake. He also mounted two Whistling Swans 
during the month of March (18th and 24th), 1909, which had been sent to 
him from Dakota City and Crystal Lake. 


14. Canapa Goose. Branta canadensis. First listed by Aughey, who had 
two specimens taken at Dakota City in April, 1866. This game bird has 
suffered marked reduction in numbers in the intervening years. 


15. WHITE-FRONTED Goose. Anser albifrons. An uncommon migrant. No 
specimens are known from this area, but it has been observed flying over. 


16. SNow Goose. Chen hyperborea. First reported by Aughey, who had 
two specimens taken in Dakota County in April, 1865. These white geese 
ate always seen in mixed flocks with Blue Geese. Only a few have actually 
been seen by the writer in or over Dakota County, but they fly up the Mis- 
souri Valley in great numbers in the spring, and have increased in numbers in 
recent years. 


17. BLuE Goose. Chen caerulescens. An uncommon migrant from 1909 
to 1926; but since that time it has become very common during the spring 
migration. Small flocks were seen flying low on Morch 24 and 25, 1917. In 
recent years mixed flocks have been the rule. 

18. Mattarp. Anas platyrhynchos. First reported by Aughey, who 
listed three specimens collected in Dakota County in June, 1865. A common 
migrant in both spring and fall. 


19. Brack Duck. Anas rubripes. An uncommon migrant. On March 
26, 1909, Mr. A. J. Anderson mounted a specimen which had been shot at 
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Crystal Lake. And he also collected one from a sandbar in the Missouri 
River, close to Dakota County, on October 25, 1914. 


20. GapwaLL. Chaulelasmus streperus. A tolerably common migrant. 
21. Batppate. Mareca americana. A tolerably common migrant. 


22. AMERICAN PintaiL. Dafila acuta tzitzihoa. A fairly common mi- 
grant, more numerous in the spring. 


23. GREEN-WINGED TEAL. WNettion carolinense. A tolerably common 
migrant. An especially good flight was noticed in 1914. 


24. BLUE-WINGED TEAL. Querquedula discors. First reported by Gabriel- 
son (1914). An abundant migrant and uncommon summer resident. A nest 
containing eight eggs was found on an island in Silver Lake on June 13, 1910. 


[CINNAMON TEAL. Querquedula cyanoptera. It may be well to include 
in this list a single Nebraska specimen, though not from Dakota County. Dr. 
Guy C. Rich has given me the record of one of these birds, a male, which was 
taken at Stewart, Nebraska, in April, 1897. Whether this is the one referred 
to by Anderson (1907) is not certain. } 


25. SHOVELLER. Spatula clypeata. A common migrant. It has doubtless 
nested in past years, possibly within the period of this study. 


26. Woop Duck. Aix sponsa. First reported by Aughey, who listed 


two specimens taken 1865. An uncommon migrant. A specimen taken at 


Crystal Lake was mounted by A. J. Anderson on October 2, 1903. 


27. REDHEAD. Nyroca americana. A tolerably common migrant in the 
spring, but rather rare in the fall. Both field records and specimens taken in 
this county are at hand. 


28. CANvAS-BACK. Nyroca valisineria. A rather uncommon spring mi- 
grant, and less numerous in the fall. The writer has seen a few scattered 
individuals in Dakota County. No flocks. 


29. Lesser Scaup Duck. Nyroca affinis. A common migrant. 


30. BUFFLE-HEAD. Charitonetta albeola. First reported by Aughey, who 
listed two specimens taken May, 1868. A rather uncommon migrant. A pair 
was noted on Crystal Lake on April 11, 1914. Another pair was observed 
by the writer on Crystal Lake on March 29, 1923. Youngworth (1931) re- 
ports a specimen taken at Crystal Lake on November 6, 1926, and mounted 
by Mr. Linn. We may also report here two extra-limital records of speci- 
mens mounted by A. J. Anderson, viz., a male taken on November 6, 1918, 
near Orchard, Antelope County, Nebr., and another male taken on October 
14, 1919, near Winside, Wayne County, Nebr. 


31. WHITE-WINGED ScoTer. Melanitta deglandi. First reported by An- 
derson (1907), who listed a specimen taken at Crystal Lake on November 
16, 1903. An uncommon fall migrant. A male was taken at Crystal Lake 
on November 17, 1915, and mounted by A. J. Anderson. Another specimen. 


female, was in a small collection of mounted birds in a cottage at Crystal 
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Lake, and while I could get no definite information about it, I was told that 
it had been shot at Crystal Lake in the fall of 1919. 


32. Ruppy Duck. Erismatura jamaicensus rubida. A tolerably common 
migrant. It has been seen by the writer on Crystal Lake a few times. No 
specimens. 


33. Hoopep Mercanser. Lophodytes cucullatus. First reported by 
Stephens (1930), who reported two specimens from Dakota County; one 
taken on November 7, 1921, a female; and a male taken at Crystal Lake on 
November 30, 1921. Both were mounted by A. J. Anderson. Mr. Anderson 
mounted twelve specimens of cucullatus during the same month from all parts 
of the Sioux City area. A tolerably common migrant. Two specimens which 
had been shot at Crystal Lake were mounted by Mr. Anderson on November 
18 and 19, 1915. In the spring of 1920 the writer saw a mounted male 
which had been shot at Crystal Lake in the preceding fall. 


34. AMERICAN MERGANSER. Mergus merganser americanus. First re- 
ported by Stephens (1930), who listed two male specimens taken in Dakota 
County on November 21 and 30, 1921, both mounted by A. J. Anderson. An 
uncommon migrant, which occasionally winters on the open Missouri River 
below Sioux City. On November 22, 1915, Mr. Anderson mounted a speci- 
men which had been shot at Crystal Lake. Mr. Anderson also mounted the 
following extra-limital Nebraska specimens: One on March 23, 1915, from 
Florence; and one on November 25, 1919, from Wakefield. 


35. RED-BREASTED MerGANSER. Mergus serrator. First reported by 
Stephens (1930), who listed a female taken at Crystal Lake on November 11, 
1921, and mounted by A. J. Anderson. A rare migrant. I saw in A. J. 
Anderson’s private collection a male specimen which had been shot at Crystal 


Lake on April 7, 1911. 


36. TURKEY VULTURE. Cathartes aura septentrionalis. First reported 
by William Youngworth (1931b), who saw one in Dakota County in the 
spring of 1931. Youngworth (1934b) also reported seeing one in flight near 
Homer on May 14, 1934. An uncommon summer resident. I saw two in 
flight over Blyburk Lake on May 13, 1928; and another at the same place on 
May 26, 1929. 


37. Cooper’s Hawk. Accipiter cooperi. An uncommon summer resi- 
dent. One was identified in the field on September 4, 1916, by Professor B. 
H. Bailey. I had also found it several years before in the woods (since re- 
moved) west of Silver Lake. 


38. Rep-TAILED Hawk. Buteo borealis. First reported by Aughey, who 
examined a single specimen in July, 1870. No common, but breeds. 


39. Swainson’s Hawk. Buteo swainsoni. First reported by Aughey, 
who listed a specimen taken in Dakota County in July, 1868—also listed by 
Fisher (1893). I have never observed this species here. 


40. AMERICAN ROUGH-LEGGED Hawk. Buteo lagopus subsp. johannis. First 
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reported by Stephens (1918), who, with A. F. Allen, saw one near Crystal 
Lake on October 28, 1917. A fairly regular fall migrant. On November 27, 
1918, A. J. Anderson mounted a male and a female, both taken near Crystal 
Lake; and also another one, a female, on November 29, 1918. Two were 
reported by Youngworth (1934a) near Homer on January 7, 1934. 


[ FERRUGINOUS RouGH-LEG. Buteo regalis. Mr. A. J. Anderson mounted 
a male specimen on February 11, 1919, which had been taken near Ponca, 
Nebraska. He also mounted another on October 11, 1917, which had been 
sent in from a small town in northeastern Nebraska. } 


41. GotpEN Eacie. Aquila chrysaétos canadensis. First reported by 
Stephens (1917). The following fifteen Nebraska specimens are here placed 
on record, including four from Dakota County. All were mounted by A. J. 
Anderson. 

1. November 5, 1905. One from Jackson, Nebr. 2. December 31, 1905. One from 
Hurst, Nebr. 3. January 30, 1908. One from Crystal Lake, Dakota County, Nebr. 
4. June 11, 1910. One from Bloomfield, Nebr. (Believed to have been caged.) 5. 
November 16, 1911. One from Coleridge, Nebr. 6. March 16, 1912. One from Or- 
chard, Nebr. 7. February 11, 1913. One from Bloomfield, Nebr. 8. October 9, 1913. 
One from Orchard, Nebr. 9. October 27, 1916. One from Nacora, Nebr. 10. Decem- 
ber 15, 1916. A female from Norman, Nebr. 11. December 6, 1916. One from Or- 
chard, Nebr. 12. October 29, 1918. A female from Plainview, Nebr. 13. December 
31, 1918. A male from Winside, Nebr. 14. November 20, 1921. A male from Plain- 
view, Nebr. 15. October 11, 1921. A female from Emerson, Nebr. 

42. Batp Eacie. Haliaeetus leucocephalus. A rare winter visitor. The 
subspecies is no doubt alascanus. The following specimens from Nebraska 
were mounted by A. J. Anderson, two of which are from Dakota County. 

1. April 2, 1913. One from Homer, Nebr. 2. November 2, 1913. One from 
Crystal Lake, Dakota Co., Nebr. 3. November 17, 1915. One from Jackson, Nebr. 4. 
November 9, 1920. A female from Laurel, Nebr. 5. November 25, 1921. A female 
from Winnebago, Nebr. 

43. MarsH Hawk. Circus hudsonius. First reported by Gabrielson 
(1914). A common summer resident. 


44. Osprey. Pandion haliaetus carolinensis. First reported by Stephens 
(1920), as a male shot at Jackson Lake on October 9, 1919, and mounted 
by A. J. Anderson. Another specimen mounted by Mr. Anderson was sent 
in from Newcastle, Nebr., on October 2, 1904. On October 2, 1922, Mr. 
Chas. J. Spiker saw an Osprey fishing in Crystal Lake. A specimen taken at 
Crystal Lake in November, 1925, was mounted by Mr. Linn and reported by 
Youngworth (1931). 


45. RICHARDSON’s PiGEON Hawk. Falco columbarius richardsoni. First 
reported by Aughey, who stated, “two that I dissected in August, 1869, at 
Dakota City, Nebraska. . .” No other record is known. A Pigeon Hawk 
(subsp. ?) was seen by the writer on September 6, 1936. 


46. Sparrow Hawk. Falco sparverius. First reported by Aughey, who 
listed four specimens taken from 1865 to 1867—all summer records. A com- 
mon migrant which I have found breeding near Crystal Lake. 
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47. PRAIRIE CHICKEN. Tympanuchus cupido americanus. First reported 
by Aughey, who listed seven specimens taken in Dakota County from February 
to July. I have no information to add. 


48. PRAIRIE SHARP-TAILED GROUSE. Pedioecetes phasianellus campestris. 
First reported by Aughey as columbianus of which he had four specimens, 
taken in February, May, July, and August. I have no information to add. 


49. BoB-WHITE. Colinus virginianus. First reported by Aughey, who 
listed ten specimens examined from 1865 to 1868. This bird is found in small 
coveys in the bottomlands along the Missouri River; it is not known whether 
it occurs on the uplands. Dr. Rich mounted a male collected near Jackson 
Lake on October 23, 1895. 


50. RING-NECKED PHEASANT. Phasianus colchicus torquatus. This intro- 
duced bird has been reported to me as present in Dakota County, but I have 
no definite information as to its present abundance. 


51. EasTERN Turkey. Meleagris gallopavo silvestris. First reported by 
Aughey, who lists one specimen taken in September, 1868. In those early 
years wild turkeys were common in the wooded bottomlands on both sides of 
the river. They have been extinct here for many years. 


52. Kine Raw. Rallus elegans. First reported by Gabrielson (1914), 


whose observation was made in 1913. An uncommon summer resident. Its 
best habitat was the marsh of old Silver Lake. 


53. VirGINIA Ratt. Rallus limicola. An uncommon summer resident; 
doubtless absent now. Three field records may be recorded for the old Silver 
Lake marsh: One on April 22, 1916, by Arthur R. Abel, and on May 16, 
1914, and May 16, 1917, by the writer. 


54. Sora. Carona RalL. Porzana carolina. First reported by Aughey, 
who stated that the only individual of this species which he saw in Nebraska 
was near Dakota City in 1869. A common summer resident in two or three 
suitable habitats. Gabrielson (1914) reported it as common in 1913. 


55. FroripA GALLINULE. Gallinula chloropus cachinnans. A regular, 
though not common, breeding bird in certain suitable places, such as the old 
Silver Lake Marsh. Probably no longer present as a breeder. 


56. Coot. Mup Hen. Fulica americana. First reported by Aughey, 
who had two specimens taken in May, 1865. An abundant migrant and tol- 
erably common summer resident. The old Silver Lake marsh was a favorite 
nesting habitat. It is doubtful if it breeds now. 

57. PipInc PiLover. Charadrius melodus. First reported by Aughey, 


who had a specimen taken in May, 1865. A rare migrant. Although I have 
seen this plover once or twice across the river in South Dakota, I have never 


found it in Dakota County, Nebr. 

58. SEMIPALMATED PLovER. Charadrius semipalmatus. First reported 
by Aughey, who had two specimens from Dakota County taken in May, 1865. 
A fairly common migrant. 
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59. KILLDEER. Oxyechus vociferus. First reported by Aughey, who had 
one specimen from Dakota County, taken in June, 1865. A common migrant 
and summer resident. 


60. GoLDEN Piover. Pluvialis dominica. On October 9, 1915, Mr. A. 
J. Anderson mounted a specimen which had been shot at Crystal Lake. 


61. BLACK-BELLIED PLover. Squatarola squatarola. A rare migrant. The 
writer observed one at Silver Lake on May 31, 1913. 


62. Ruppy TuRNSTONE. Arenaria interpres morinella. A rare migrant. 
The writer saw three males and two females at Silver Lake on May 21, 1911. 
The birds were actively feeding, and for several square yards the smooth, 
glistening surface of the mud had been made rough and given a different color 


in the sunlight by their probing bills. 


63. Witson’s Snipe. Capella delicata. First reported by Aughey, who 
had two specimens taken in May, 1865. A tolerably common migrant. 


64. LonG-BILLED CurLEw. Numenius americanus. First reported by 
Aughey, who had two specimens collected in August, 1869. A rare migrant. 
Two individuals were seen by A. J. Anderson from a sandbar in the Missouri 
River opposite Crystal Lake on October 25, 1914. He observed that the two 
birds had bills of different lengths, which he supposed was due to difference 
in ages. On April 7, 1918, a hunter gave Mr. Anderson the head and bill 
of a Long-billed Curlew which had been shot at Blyburg Lake on that date. 


65. UpLanp Piover. Bartramia longicauda. First recorded by Aughey, 
who lists eight specimens collected in June, 1855, and May, 1865. I have no 
records. 


66. SpoTTED SANDPIPER. Actitis macularia. A common migrant. There 
are a few summer records, but no nests have been found. 


67. Sotitary SANDPIPER. Tringa solitarius. First reported by Aughey, 
who states that he saw young in Dakota County in August, which may or may 
not indicate local breeding, since the migration of most shore birds is usually 
well under way by the last week of July. A fairly common migrant, appear- 
ing late in April and present throughout May. Have seen it only once in 


the fall. 


68. WILLET. Catoptrophorus semipalmatus subsp.? A rare migrant. Four 
were seen at Crystal Lake on May 5, 1909. 


69. GREATER YELLOW-LEGS. Totanus melanoleucus. First reported by 
Aughey, who listed two specimens taken in August, 1870. I have no records. 


70. LESSER YELLOW-LEGS. Totanus flavipes. A common migrant, which 
arrives by the middle of April and remains into the first week of June. 

71. PecToRAL SANDPIPER. Pisobia melanotos. A common migrant. 

72. WHITE-RUMPED SANDPIPER. Pisobia fuscicollis. A fairly common 
migrant. 

73. Batrp’s SANppIPER. Pisobia bairdi. A fairly common migrant. 
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74. Least SANDPIPER. Pisobia minutilla. A common migrant. I have 
never found them earlier than May. ‘The fall migration extends through 


September. 


75. RED-BACKED SANDPIPER. Pelidna alpina sakhalina. A rare migrant. 
On June 4, 1910, I saw a single individual at Silver Lake. 


76. DowrTcHER. Limnodromus griseus subsp.? I have identified this 
species only twice in Dakota County, namely, five in a flock at Silver Lake on 
May 21, 1911, and three at the same place on May 16, 1914. 


77. Stitt SaNppipER. Micropalama himantopus. This species has been 
noted during May in five seasons, with a total of nineteen individuals. Never- 
theless I consider it a rare migrant. On September 4, 1916 I took a specimen 
at the river bank. 


78. SEMIPALMATED SANDPIPER. Ereunetes pusillus. A rather common 
spring migrant, usually associated with the Least, and apparently in about the 
same numbers. They are less numerous in the fall. I took a specimen on 
September 4, 1916. 


79. Hupsonian Gopwit. Limosa haemastica. A rare migrant. I saw 
a single individual at Silver Lake on May 25, 1914. 


80. Witson’s PHALAROPE. Steganopus tricolor. First reported by 
Aughey, who listed two specimens taken in July, 1866. A tolerably common 
migrant, prior to the drainage of Silver Lake. From 1909 to 1920 it was 
noted annually, there being a flock of between forty and fifty on one occasion. 
No fall records have been obtained. 


81. NorTHERN PHatarope. Lobipes lobatus. An uncommon migrant. 
I have seen this species in Dakota County on only one occasion, May 21, 
1911. That afternoon was cloudy. In the small openings among the rushes 
of Silver Lake I counted thirty-five females, no males. The birds were busily 
engaged in feeding and were practicing the gentle rotary swimming movement 
which I had so often observed in the Wilson’s Phalarope. I was unable to 
convince myself that the birds were disturbing the mud on the bottom, the 
water being two or three feet deep. It seemd to be evident that the rotary 
movement of the bird’s body produces a vortex, which keeps all food particles 
within a convenient radius, and which may possibly bring it from outer dis- 
tances. Insects, snails, or worms, for instance, may sooner or later be brought 
to the surface by the vortical motion of the water, to be picked up by the 
quick action of the bird. When I stepped into full view of the phalaropes, at 
a distance of fifteen feet, the birds did not flush. On my return half an hour 
later the birds were still in the same place. On the following day only one 
remained. 

82. PoMARINE JAEGER. Stercorarius pomarinus. First reported by 
Aughey, who mentions a field observation at the Missouri River, Dakota 
County, in May, 1869. This is the only record. 


83. GREAT BLACK-BILLED GuLL. Larus marinus. First recorded by 
Aughey, who states that one of these birds had been shot by Indians on the 


j 
had 
rant 
A. 
he 
ant. 
11. | 
oth, 
or 
sho 
by 
int. 
uri 
wo 
nce 
ill 
ite. 
ey, 
no 
ere 
ey, 
ay 
lly 
ar- 
in 
ur 
y 
Is. 
h 
al 
yn 


384 THE AMERICAN MIDLAND NATURALIST 


Missouri River, and brought to Dakota City in May, 1871. This is the only 


record. 


84. Herrinc Gutt. Larus argentatus. First reported by Aughey, who 
obtained two of these gulls from Winnebago Indians, presumably in Dakota 
County. These large gulls usually fly over this area at a considerable height, 
and when they are low enough to be seen it is not always possible to distin- 
guish them from delawarensis, nor from californicus which, conceivably, must 
be here in migration. 


85. RING-BILLED GuLL. Larus delawarensis. First reported by Aughey, 
who listed three specimens taken in Dakota County in 1867 and 1868. I can 
contribute no records, though on the opposite side of the river the species has 
been observed frequently. 


86. FRANKLIN’s GuLL. Larus pipixcan. First reported by Aughey, who 
listed two specimens taken in May, 1868. A common spring migrant. 


87. Forster’s TERN. Sterna forsteri. First reported by Aughey, who 
mentions two specimens from Dakota County taken in May, 1871. An un- 
common migrant, even when granting confusion with hirundo in the field. 


88. Least TERN. Sterna antillarum. A fairly common summer resident. 
Individuals were seen either on Crystal Lake or Blyburg Lake on: May 31, 
1914, June 4, 1910, July 18, 1925, and August 2, 1924. They are known to 
nest on sandbars in the river, and on narrow dirt ledges in the almost vertical 
banks of the river. 


89. Brack TeERN. Chlidonias nigra surinamensis. First reported by 
Gabrielson (1914). A common migrant. This species was quite plentiful 
in the years from 1910 to 1914; but from the last date onward a marked 
decrease is shown by the records. It has not been known to breed. 


90. MournING Dove. Zenaidura macroura subsp.? First reported by 
Aughey, who listed a specimen taken in June, 1866. A common summer 
resident. 


91. LouIsIANA PAROQUET. Conuropsis carolinensis ludovicianus. First 
reported by R. M. Anderson (1907), who quotes Dr. Rich to the effect that 
“many years ago the Paroquets were noticed just across the river from Sioux 
City, in Nebraska. Some were captured and kept as cage pets.” Dr. Rich 
resided in Sioux City from 1888 to 1912, and was a close student of local 
bird life. He has given me the following note: “Carolina Paroquet. This is 
again from the lost record book. My memory is quite distinct, however. I 
was told by someone who had seen them that these birds were not uncommon 
in the early days; and that some of the settlers had caught some and retained 
them as cage birds. And that they had seen them in cages at a cabin just 
across the river from Sioux City. This must have been in the late 50’s or 60’s. 
They were spoken of as being in flocks and not particularly wary.” The loca- 
tion of the cabin as described was undoubtedly in Dakota County, Nebraska. 
Dr. Rich has told me at another time that he received his information from 
Mr. J. C. C. Hoskins, who came to Sioux City in 1857. Mr. Hoskins was a 
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talented man and a garduate of Dartmouth College. He was one of the 
founders of the old Scientific Association of Sioux City which entertained 
Alfred Russell Wallace, E. D. Cope, and other eminent scientists of the 
time. And while there may be little reason for doubting the existence of 
paroquets here at that time, we should also remember the possibility that they 
may have been carried as cage birds from farther down the river on steamboats. 


92. YELLOW-BILLED Cuckoo. Coccyzus americanus. A fairly common 
summer resident. 


93. BLACK-BILLED Cuckoo. Coccyzus erythropthalmus. A fairly com- 
mon summer resident, though less numerous than americanus. I have ob- 
served this species nesting within five inches of the ground in a fallen tree 
branch, amidst a thick growth of weeds. In Union County, South Dakota, 
just across the river the nest has actually been on the ground. 


94. BARN Ow. Tyto alba pratincola. First reported by Aughey, who 
lists a specimen taken in Dakota County in July, 1868. This record is also 
listed by Fisher (1893). On March 15, 1916, I saw one in the woods along 
the east shore of Crystal Lake. The following six Nebraska specimens were 
mounted by A. J. Anderson, two of them belonging to Dakota County. 

1. April 17, 1914. One from Winnebago, Nebr. 2. March 27, 1918. A male from 
Waterbury, Nebr. 3. November 27, 1918. A male from Winside, Nebr. 4. November 
29, 1918. A female from South Sioux City, Nebr. 5. October 15, 1919. A female 
from Dakota County, Nebr. 6. November 6, 1921. One from Plainview, Nebr. 

95. ScrEECH Ow. Otus asio. First reported by Aughey, who listed 
two specimens taken in 1869 and 1870. The same specimens are listed by 
Fisher (1893). A fairly common resident. DuMont (1933) has reported a 
specimen which was collected near Dakota City on December 22, 1884, by 
M. Finnerly for D. H. Talbot. The specimen was examined by Dr. J. Van 
Tyne, who considered it to be an Aiken’s Screech Owl (O. a. aikeni). It is 
now in the collection of the State University of Iowa (No. 8657). 


96. GREAT Hornep Owt. Bubo virginianus. First reported by Aughey, 
who mentioned a specimen taken in July, 1869. The resident bird is quite 
dark, and is probably virginianus. Lighter forms occur in winter, varying con- 
siderably in range of color, and to a less extent in dimensions. On February 
24, 1921, Mr. A. J. Anderson mounted a specimen taken at Nacora. 


97. Snowy OwL. Nyctea nyctea. First reported by Stephens (1918), 
who listed a specimen collected at Dakota City on December 8, 1917. The 
same paper listed specimens from Holt, Wayne, Thurston, Cedar, and Cum- 
ing Counties. Stephens (1933) also listed three specimens from Dakota 
County, as follows: One from Crystal Lake, January 21, 1902; one from 
Crystal Lake, May 5, 1909; one from Jackson, February 10, 1910; and, also, 
one from Laurel, Cedar County, Nebraska. 

98. WESTERN BuRROWING OwL. Speotyto cunicularia hypugaea. An 
uncommon summer resident. On May 30, 1916, I saw one on a fence post 
between Dakota City and Blyburg Lake. On September 4, 1916, near the 
same place, I found a family consisting of two adults and four young at their 
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burrow. One of these was taken. On July 21, 1889, Dr. Rich mounted a 
male which had been shot in Dakota County. 


99. LoNG-EARED OwL. Asio wilsonianus. First reported by Aughey, 
who wrote that the only Long-eared Owl to come to him in thirteen years of 
study in Nebraska was a specimen taken in Dakota County in July, 1865. 
The same specimen was listed by Fisher (1893). An uncommon summer tesi- 
dent, and possibly a winter resident. The following Nebraska specimens were 
mounted by A. J. Anderson. 


1. November 15, 1903. One from Dakota County. 2. January 11, 1918. One from 
Wynot, Cedar County. 

100. SHoRT-EARED OwL. Asio flammeus. First reported by Aughey, 
who listed a specimen taken in July, 1870. An uncommon summer resident. 
Prof. M. H. Swenk reported to me that he had seen a Short-eared Owl from 
the train in Dakota County on March 7, 1922. 


101. WHIP-PooR-WILL. Antrostomus vociferus. A regular summer resi- 
dent of unknown abundance. One was disturbed in the day-time in a patch 
of woods on the western border of Silver Lake on May 17, 1913. It has been 
heard calling on numerous summer evenings in the timber on the north shore 
of old Jackson Lake, and as recently as 1926. Aughey reported the collection 
of two specimens in “Northeastern Nebraska” in August, 1867, which may or 
may not have been in Dakota County. 


102. SENNETT’s NIGHTHAWK. Chordeiles minor sennetti. A specimen 
was collected on September 4, 1916, which was later identified as sennetti by 
Dr. H. C. Oberholser. This date was in the migration period for this species, 


so the specimen may have been a migrant. 
103. CHIMNEY Swirt. Chaetura pelagica. A common summer resident. 


104. RUBY-THROATED HUMMINGBIRD. Archilochus colubris. This species 
has been seen frequently in May and probably breeds, though no nest has 
been found. 


105. BELTED KINGFISHER. Megaceryle alcyon. First reported by Gabriel- 
son (1914). A common summer resident. 


106. NorTHERN FLicker. Colaptes auratus luteus. First reported by 
Gabrielson (1914). A common summer resident, sometimes wintering. 
Youngworth (1933) reported fifty to sixty flickers for this area in the winter 
of 1932-1933. 


107. RED-SHAFTED FLICKER. Colaptes cafer collaris. First reported by 
Chas. J. Spiker (1926), who saw one at Crystal Lake on February 9, 1925. 
Youngworth (1934a) saw one near Homer on January 7, 1934. A rare 
visitor. Mrs. F. J. Hayden saw one at Crystal Lake on April 12, 1916. Mr. 
Youngworth tells me of seeing one in Dakota County on January 7, 1934. 
Of course, in all field records there is the problem of distinguishing between 


collaris and a hybrid. 


108. RED-BELLIED WoopPECKER. Centurus carolinus. First reported by 
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Youngworth (1933), who found several during the winter of 1932-33. This 
species occurs locally, and perhaps regularly, along the wooded hills in the 
vicinity of Blyburg Lake. It has been seen there on three occasions: One on 
May 30, 1916, by Mrs. H. J. Taylor; one on February 5, 1923, by Chas. J. 
Spiker; and one on May 27, 1923, by the writer. 


109. RED-HEADED WooppEcKER. Melanerpes erythrocephalus. First re- 
ported by Aughey, who listed two specimens taken in the summers of 1865 
and 1866. It is a common summer resident. In the winter of 1932-33 
Youngworth (1933) found several of these birds wintering. 


110. YELLOW-BELLIED SAPSUCKER. Sphyrapicus varius. First reported 
by Aughey, who listed a specimen taken in June, 1865. An irregular visitor. 
I have seen this species only twice in this locality: An adult on April 20, 
1914; and an immature bird on September 24, 1922. 


111. Hairy Wooppecker. “Dryobates villosus. First reported by 
Aughey, who listed two specimens taken in July, 1866. A fairly common 
resident. 


112. Downy Wooppecxer. Dryobates pubescens. First reported by 
Bruner, (1896). A common resident. 


113. Arctic THREE-TOED WooppEckEr. Picoides arcticus. First reported 
by Prof. Lawrence Bruner (1896), on the authority of Wallace Bruner, from 
Dakota City. Later Bruner, Wolcott, and Swenk (1904) indicated that this 
record was based on a specimen. The same record was mentioned by Ander- 


son (1907). 
114. Kincpirp. Tyrannus tyrannus. First reported by Aughey, who 


listed four specimens taken in different years. A common summer resident. 


115. ARKANSAS KiNGBIRD. Tyrannus verticalis. A fairly common sum- 
mer resident. Apparently this species had not reached the Missouri River in 
Aughey’s time. It was breeding in Sioux City by 1910, but was also common 
in Dickinson County, Iowa, by 1911; so these birds must have reached the 
Missouri River a good while prior to those dates. 


116. CresTeED FLycaTcHER. Myiarchus crinitus. A fairly common sum. 
mer resident. It is found especially on the timbered hills facing the Missouri 
River. Whether it occurs on the uplands I can not say. 


117. PHoEBE. Sayornis phoebe. First reported by Aughey, who listed 
three specimens taken in the summers of 1866, 1868, and 1870. A fairly 
common summer resident. 


118. YELLOW-BELLIED FLYCATCHER. Empidonax flaviventris. First re- 
ported by Aughey, who took a specimen near Dakota City in July, 1870. I 


have no further information. 


119. Least FrycatcHer. Empidonax minimus. First reported by 
Aughey, who had four specimens taken in May, June, and July. A common 
migrant during May, with very few records in early June. I have a specimen 
taken near Homer on May 14, 1917. 
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120. Woop Pewee. Myiochanes virens. First reported by Aughey, who 
took a specimen in June, 1869, at Dakota City. He seemed to regard this 
species as uncommon. I have considered it a very common summer resident 


along the timbered bluffs. 


121. Oxive-sipep FrycatcHer. Nuttallornis mesoleucus. First reported 
by William Youngworth (1934), who saw one near Homer on May 14, 1934. 
A rather uncommon migrant. I secured a specimen near Blyburg Lake on 


May 30, 1919. 


122. Prarrie Hornep Lark. Otocoris alpestris praticola. First reported 
by Aughey, who “saw them picking up locusts in Dakota County” in June, 
1865. A fairly common summer resident. The wintering form is not known. 


123. TrEE Swattow. Iridoprocne bicolor. A common migrant and 
occasional summer resident. It was found nesting in a dead willow stub on 
June 4, 1910, on the east shore of Crystal Lake. 


124. BANK SwaLLow. Riparia riparia. First reported by Aughey, who 
listed a specimen taken on June 5, 1865. A common summer resident. 


125. RouGH-wINGED SwaLLow. Stelgidopteryx ruficollis serripennis. A 
fairly common summer resident. 


126. Barn Swattow. Hirundo erythrogaster. First reported by Aughey, 


who listed two specimens taken in June, 1865. A common summer resident. 


127. Curr Swattow. Petrochelidon albifrons. First reported by 
Aughey, who listed two specimens taken in the summer of 1865. A rather 
rare migrant. Aughey wrote of the Cliff Swallow breeding in “Eastern Nebras- 
ka in great numbers,” and ranked it as more abundant than the Bank Swal- 
low. This condition is now certainly reversed. In my own notes the Cliff 
Swallow was recorded six times (not individuals) between 1910 and 1917. 
The Bank Swallow was recorded twenty-three times during the same period. 
Since 1917 the Cliff Swallow has not been recorded once, while the Bank 
Swallow has appeared eleven times. Of course the field trips were more 
numerous during the first period, but that probably made no difference in 
the ratio between the two species. This comparison is based upon Dakota 
County notes only, but it would be about the same on the Iowa or South 
Dakota side of the river, I think. I have been told of a colony of Cliff 
Swallows nesting on one of the bluffs facing the river in Dakota County, but 
have had no opportunity to investigate this matter. 


128. PurpLE Martin. Progne subis. First reported by Aughey, who 
lists three specimens taken in May and June, 1865. A fairly common summer 
resident. 


129. Bue JAy. Cyanocitta cristata. First reported by Gabrielson (1914). 
A common summer resident and occasional winterer. 


130. Macpre. Pica pica hudsonia. First reported by R. M. Anderson 
(1907, p. 294), but no date is given. An irregular winter visitor. On No- 
vember 28, 1919, A. J. Anderson, of Sioux City, received a Magpie which 
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had been shot “out of a flock of two dozen or more” about four and a half 
miles northwest of Homer. On October 9, 1921, “three immense flocks” of 
Magpies were reported in the vicinity of Jackson Swamp. In the same year 
a Magpie was sent to Mr. Anderson from Hubbard for mounting. Another 
one was shot near Crystal Lake on November 22, and mounted. On Decem- 
ber 3, 1921, a flock of thirty or forty was seen near Crystal Lake by a hunter 
and reported to Mr. Anderson. 


131. Crow. Corvus brachyrhynchos. First reported by Gabrielson 
(1914). A common resident. 


132. BLACK-CAPPED CHICKADEE. Penthestes atricapillus. First reported 
by Aughey as septentrionalis, but on the basis of June-collected specimens. 
Both subspecies occur here, septentrionalis chiefly in the winter, and atricapillus 
as the breeding form. 


133. Turtep Tirmouse. Baeolophus bicolor. First reported by Aughey. 
who had three specimens taken in May and June, 1865. An uncommon and 
irregular visitor. On May 13, 1928, accompanied by William Youngworth, 
I saw two titmice in the timber near Blyburg Lake. 


134. WHITE-BREASTED NuTHATCH. Sitta carolinensis. First reported by 
Aughey, under the subspecific name aculeata; he had a specimen taken on 
May 30, 1865. A fairly common resident. 


135. RED-BREASTED NUuTHATCH. Sitta canadensis. First reported by 
Aughey, who wrote that he saw them eating locusts in Dakota County in 
June, 1865. According to our experience it would be quite unusual to find 
this species here in June. A rare winter visitor. On January 21, 1917, I saw 
a female on the east side of Crystal Lake. It is possible that a greater amount 
of winter work would give us more records of this species. 


136. BROWN CREEPER. Certhia familiaris. First reported by Aughey, 
who found it nesting near Dakota City in June, 1865. A fairly common win- 
ter visitor. 


137. House Wren. Troglodytes aédon. First reported by Gabrielson 
(1914). A common summer resident. Parkmani is no doubt the subspecies 
present. 


138. Prairie MarsH Wren. Telmatodytes palustris dissaéptus. First 
reported by Gabrielson (1914). A common summer resident. 


139. SHorT-BILLED MarsH Wren. Cistothorus stellaris. A summer 
resident of uncertain abundance. I saw one on May 9, 1917. 


140. Rock Wren. Salpinctes obsoletus. First reported by Aughey, who 
found a nest of this species in a slab pile near Dakota City on June 3, 1865. 
We have no other records. 


141. Catsirp. Dumetella carolinensis. First reported by Gabrielson 
(1914). A common summer resident. 


' 
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142. BRowN THRASHER. Toxostoma rufum. First reported by Gabriel- 
son (1914). A common summer resident. 


143. Rosin. Turdus migratorius. First reported by Aughey, who listed 
three specimens taken in 1865. A very common summer resident. 


144. Woop TurusH. Hylocichla mustelina. First reported by Aughey, 
who listed two specimens taken in May and June, 1865. A common summer 
resident. 


145. Hermit THRusH. Hylocichla guttata. First reported by Aughey, 
who took a specimen on June 6, 1865. As the subspecies are now arranged 
it would seem that ours should be faxoni. I have two April field records. 


146. Oxtve-BAcKED THRUSH. Hylocichla ustulata swainsoni. A fairly 
common migrant. I took a specimen near Blyburg Lake on May 14, 1917. 


147. GRAY-CHEEKED THRUSH. Hylocichla minima aliciae. A fairly com- 
mon migrant, but less numerous than ustulata. I took two specimens near 


Blyburg Lake on May 14, 1917. 


148. Bruesirp. Sialia sialis. First reported by Aughey, who listed two 
specimens for May and June, 1865. A common summer resident. 


149. BLUE-GRAY GNATCATCHER. Polioptila caerulea. First reported by 
Aughey, who took a specimen on June 2, 1865, near Dakota City. On May 
4 and 7, 1919, I saw clearly a single individual of this species in the “Warbler 
Woceds”— incidentally, the only times I have seen the gnatcatcher in the 
Sioux City area. 


150. GOLDEN-CROWNED KINGLET. Regulus satrapa. First reported by 
Aughey, who observed a Golden-crowned Kinglet feeding on small locusts 
east of Dakota City in June, 1865. This date is quite out of keeping with 
our observations. A fairly common migrant in early spring and late fall. 


151. RusBy-crowNeD KINGLET. Corthylio calendula. First reported by 
Aughey, who listed a specimen taken June 5, 1865. A fairly common mi- 
grant, differing markedly in migration dates from satrapa. My latest spring 
date over a period of twenty-seven years (1909-1935) is May 18. 


152. AMERICAN Piprt. Anthus spinoletta rubescens. A rare migrant. 
About a dozen of these birds were identified by Dr. Guy C. Rich on the east 
shore of Crystal Lake on May 5, 1909. 


153. Spracue’s Pipit. Anthus spraguei. On October 22, 1916, Mr. 
George O. Ludcke and I followed a single individual around an alfalfa field, 
adjacent to Crystal Lake, for nearly 150 yards. 


154. BOHEMIAN WaxwinG. Bombycilla garrula. An irregular winter 
visitor. It usually appears in flocks of varying size from December through 
April. On April 1, 1912, I watched a flock of approximately one hundred 
feeding on wild grapes in the vicinity of Crystal Lake. 


155. Cepar Waxwinc. Bombycilla cedrorum. A fairly common winter 
visitor, and it may nest occasionally, though no nests have been known. 
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156. NorTHERN SHRIKE. Lanius borealis. First reported by DuMont 
(1933), who recorded a specimen taken at Dakota City on November 9, 1885, 
by a collector for D. H. Talbot. The specimen was examined by Dr. Alden 
H. Miller, and pronounced an inter-grade between borealis and invictus, but 
nearer the latter. It is now in the collection at the State University of Iowa, 


No. 17837. 


157. MiGRANT SHRIKE. Lanius ludovicianus migrans. A fairly common 
summer resident. Most of the summer shrikes in this area seem to be migrans. 
Aughey took a specimen in 1865, which, of course, he called excubitorides. 
On April 28, 1914, I was shown a nest in the town of South Sioux City, 
both birds of which had a decidedly white rump. There can be little doubt 


that the ranges of migrans and excubitorides overlap in this county. 


158. WHITE-EYED VirEo. Vireo griseus. First reported by Youngworth 
(1934), who saw a White-eyed Vireo near Homer on May 14, 1934; he in- 
formed me verbally that this specimen was taken. A rare summer visitor. In 
the “Warbler Woods” on May 17, 1916, I heard a strange bird song, and 
wrote it down as, “whit-whit-whit.” Upon getting a view of the bird, it was 
easy to distinguish the two white wing bars, the yellow lores, the yellowish 
sides, and a very noticeable shade of gray on the dorsal neck region. A 
second bird was heard but not seen. 


159. Bett’s Vireo. Vireo belli. A very common, almost abundant, 
summer resident. 

160. YELLOW-THROATED ViREO. Vireo flavifrons. A fairly common 
migrant, not known to breed. I took three specimens at Blyburg Lake on 
May 14, 1917. William Youngworth took a specimen in Dakota County on 
May 15, 1933. 


161. BLUE-HEADED VirEO. Vireo solitarius. A fairly common migrant 
during May. 

162. ReD-EYED VirEO. Vireo olivaceus. First reported by Aughey, who 
examined specimens taken in Dakota County. A common summer resident. 

163. PHILADELPHIA VirEO. Vireo philadelphicus. First reported by 
Aughey, who listed three specimens taken in May and June, 1865. No other 


records are known. 


164. WAaRBLING VirEO. Vireo gilvus. First reported by Aughey, who said 
that a great many nests were built among the cottonwoods in Dakota City. 
A very common summer resident. 

165. BLACK AND WHITE WarBLER. Mniotilta varia. A tolerably com- 
mon migrant. 

166. GOLDEN-CROWNED WARBLER. Vermivora chrysoptera. A rare mi- 
grant. The only record is of an individual which I observed in the “Warbler 
Woods” on May 6, 1919. It was very clearly seen with glasses and identifica- 
tion was satisfactory to the observer. 
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167. TENNESSEE WARBLER. Vermivora peregrina. First reported by 
Aughey, who observed them in the treetops south of Dakota City in June, 
1865. A common spring migrant. 


168. ORANGE-CROWNED WARBLER. Vermivora celata. A fairly common 
spring and fall migrant. 


169. NasHvILLE WARBLER. Vermivora ruficapilla. A rather rare mi- 
grant in May. One definite date is May 14, 1919. 


170. YELLOw WarsLer. Dendoica aestiva. First reported by Aughey, 
who listed three specimens taken in Dakota Ciunty in June, 1865. An abun- 
dant summer resident. 


171. MaGNotta Warsier. Dendroica magnolia. A fairly common 
migrant during May. 


172. CapE May Warsier. Dendroica tigrina. A rare migrant. I saw 
a male in the town of Dakota City on May 17, 1916. The view was good 
and identification certain. Another male was noted on May 14, 1917, in 
South Sioux City. 


173. MyrtLE WarBLER. Dendroica coronata. A common migrant. 


174. BLACK-THROATED GREEN WARBLER. Dendroica virens. First re- 
ported by Aughey, who listed three specimens taken in June, 1865. A rare 
migrant. Though I have not found it on the Nebraska side, I have a few 
records for the Iowa side, though none since 1914. 


175. CERULEAN WarBLER. Dendroica cerulea. First reported by 
Aughey, who found a nest with young on Pilgrim Hill in Dakota County, 
in June, 1865. Mr. A. J. Anderson, on a field trip with Mr. G. O. Ludcke 
and the writer, collected a male near Blyburg Lake on May 14, 1917. 


176. CHESTNUT-SIDED WarBLER. Dendroica pensylvanica. A rather un- 
common migrant. I have seen it only once on the Nebraska side, June 4, 
1910; but it has been reported to me by others. 


177. BLAcK-POLL WarBLER. Dendroica striata. First reported by 
Aughey, who listed two specimens taken on June 5, 1865. A common mi- 
grant. 


178. PINE WarBLER. Dendroica pinus. First reported by Aughey, who 
had a specimen taken in April, 1865. We have no other records. 


179. PratRIE WARBLER. Dendroica discolor. First reported by Aughey, 
who listed two specimens taken in Dakota County on June 1, 1865. He also 
stated that he had seen young in Dakota County. We have no other records. 


180. Patm WarsLer. Dendroica palmarum. A fairly common migrant 
in May. Presumably the subspecies is palmarum. 


181. OvEN-BIRD. Seiurus aurocapillus. First reported by Aughey, who 
listed three specimens taken in Dakota County in April and June, 1865. A 
fairly common migrant. Dr. Rich once told me that he had found the Oven- 
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bird nesting in the vicinity of the old Silver Lake, in the patch of timber on 
the Monahan property. 


182. GRINNELL’S WATER-THRUSH. Seiurus noveboracensis notabilis. A 
fairly common migrant. I collected a specimen on May 14, 1917. 


183. LouIsiANA WAaATER-THRUSH. Seiurus motacilla. An uncommon 
migrant. It has been recorded in six seasons, with a total of fifteen individuals, 
but we would not insist on all of them. 


184. MourNING WarBLER. Oporornis philadelphia. A rather uncommon 
spring migrant. A male was seen on May 30, 1910; five individuals on June 
4, 1910; a male on May 22, 1916. 


185. MARYLAND YELLOW-THROAT. Geothlypis trichas. First reported 
by Aughey, who found it breeding. A common, or abundant, summer resi- 
dent. Presumably our subspecies is brachidactyla. 


186. YELLOW-BREASTED CHAT. Icteria virens. First reported by William 
Youngworth (1931b), who saw one in Dakota County in the spring of 1931. 
A fairly common summer resident. It is found especially in the scrubby 
second growth on the hills facing the Missouri River. 


187. Witson’s Warsier. Wilsonia pusilla. A fairly common migrant. 
I collected a male on May 16, 1917. It has also been seen in August and 


September. 


188. AMERICAN ReEDSTART. Setophaga ruticilla. First reported by 
Aughey, who listed three specimens taken in May and June, 1865. A com- 
mon migrant and occasional breeder. One occupied nest was found in the 


“Warbler Woods” on June 13, 1910. 


189. Bopotink. Dolichonyx oryzivorus. First reported by Aughey, who 
listed three specimens taken in May and June, 1866. I have never seen it in 
Dakota County. 


190. WesteRN Meapow ark. Sturnella neglecta. First reported by 
Aughey, who listed four specimens under the name of S. magna, although he 
considered neglecta to be more abundant. An abundant summer resident. I 
have never found magna in this area. 


191. YELLOW-HEADED BLACKBIRD. Xanthocephalus xanthocephalus. First 
reported by Aughey, who listed thirteen specimens taken from 1865 to 1869. 
It was also listed as abundant in 1913 by Gabrielson (1914). A common mi- 
grant, which may possibly breed in restricted localities. With the lowering of 
the water level in recent years it has practically disappeared as a breeding bird. 


192. ReD-wINGED BLACKBIRD. Agelaius phoeniceus. First reported by 
Gabrielson (1914). A fairly common summer resident, probably yet. The 
breeding subspecies is probably arctolegus. A specimen taken at Crystal Lake 
on November 3, 1912, was identified by Dr. H. C. Oberholser as predatorius. 
a form which was not admitted to the A.O.U. Check-List. 


193. OBCHARD ORIOLE. Icterus spurius. First reported by Aughey, who 
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collected one near Dakota City in June, 1865. A fairly common summer 
resident. 


194. BattimorE Icterus galbula. First reported by Aughey, 
who found a breeding pair in 1865. A common summer resident. 


195. Rusty Biacxsirp. Euphagus carolinus. A common spring and fall 
migrant. 


196. Brewer’s BLacksirD. Euphagus cyanocephalus. First reported by 
Aughey, who states that he examined “a pile of birds in a field a few miles 
west of Dakota City,” in September, 1866. I have no records to add. 


197. BRONZED GRACKLE. Quiscalus aeneus. First reported by Gabriel. 
son (1914). A common summer resident. 


198. Cowsirp. Molothrus ater. First reported by Gabrielson (1914). 
It is probable that the subspecies found here is the Nevada Cowbird (M. a. 


artemisiae), but this is yet to be determined. 


199. ScarRLET TANAGER. Piranga erythromelas. A fairly common sum- 
mer resident, inhabiting especially the timbered hills bordering the Missouri 
River valley. 


200. CARDINAL. Richmondena cardinalis. A common, or abundant resi- 
dent throughout the year. This species has invaded from the south and estab- 
lished itself fully within less than fifty years. Aughey did not mention the 
Cardinal, and it is fair to conclude that the species was not here in the 60's. 


201. ROSE-BREASTED GROSBEAK. Hedymeles ludovicianus. First reported 
by Gabrielson (1914). A common summer resident. 


202. INDIGO BUNTING. Passerina cyanea. First reported by Gabrielson 
(1914). A common summer resident. Aughey rated it as “Rare in Nebraska.” 


203 DicxcissEL. Spiza americana. First reported by Gabrielson (1914). 


A common summer resident. 


204. EvENING GrosBEAk. Hesperiphona vespertina. In A. J. Anderson’s 
collection of mounted birds I found a specimen of the Evening Grosbeak, 
with a label stating that it had been killed near South Sioux City on January 
1, 1901. 


205. PurPLE FiINcH. Carpodacus purpureus. First reported by Stephens 
(1920), who published a field record made by A. F. Allen in Dakota County 


on November 23, 1919. An uncommon winter visitor. 
206. Reppott. Acanthis linaria. First reported by Aughey, who listed 
two specimens taken in February, 1865. 


207. PINE SISKIN. Spinus pinus. An irregular winter visitor. However, 
my only records for Dakota County were made in May. 


208. GOLDFINCH. Spinus tristis. First reported by Gabrielson (1914). 
A common summer resident and regular winter visitor. 
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209. Rep-EYED TowHEE. Pipilo erythrophthalmus. First reported by 
Gabrielson (1914). A common summer resident. 


210. WESTERN SAVANNAH Sparrow. Passerculus sandwichensis alaud- 
inus. A specimen which I took at Coburn Junction on May 3, 1916, was 
referred to this subspecies by Dr. H. C. Oberholser. A second specimen was 


taken at the same time and place. 


211. GRASSHOPPER SPARROW. Ammodramus savannarum. A fairly 
common summer resident. Since specimens have not been taken it is not 
known whether we have the eastern or western form. 


212. Lark Sparrow. Chondestes grammacus. First reported by Aughey. 
who took three specimens in May and June, 1865. A fairly common summer 
resident. Since specimens have not been taken we can not be sure whether it 
is the eastern or western form. 


213. SLATE-COLORED JUNCO. Junco hyemalis. A fairly common winter 
visitor and migrant. 


214. TREE Sparrow. Spizella arborea. A common, or abundant, winter 
visitor and migrant. Here, again, in the absence of specimens, we can not be 
sure of the subspecies. On January 21, 1917, Messrs. A. F. Allen and G. O. 
Ludcke and myself found many Tree Sparrows along the east shore of Cry- 
stal Lake. We watched one flock of about a dozen birds feeding on the seeds 
of squirrel-tail grass (Hordeum jubatum), which projected above the deep 


snow. They picked the seeds from the heads within reach. Sometimes they 
would hop, or even fly, up to those just beyond reach. But what surprised 
us the most was to see several of the birds hop onto the weak grass stems and 
bring them down to the snow surface, where they could be easily cleaned up. 
At times they jumped or flew against the grass heads, thus dislodging the 
seeds which they picked up from the surface of the snow. It had all the 
appearance of being a purposeful act. 


215. CH1ppinc Sparrow. Spizella passerina. First reported by Aughey, 
who examined several specimens in 1866. A fairly common surnmer resident. 


216. CLay-coLoreD Sparrow. Spizella pallida. A tolerably common 
spring migrant. 

217. Frecp Sparrow. Spizella pusilla. First reported by Gabrielson 
(1914). A common summer resident. It is strange that this very common 


bird was overlooked by Aughey. 
218. Harris’s Sparrow. Zonotrichia querula. A common migrant. 


219. WHITE-CROWNED Sparrow. Zonotrichia leucophrys. A fairly com- 
mon migrant. It is believed that the great bulk of these birds are of the 
subspecies leucophrys, but gambeli has been distinguished on at least two 
occasions. 

220. WHITE-THROATED Sparrow. Zonotrichia albicollis. First reported 
by Aughey, who listed two specimens, both taken on May 27, 1865. A fairly 


common migrant, more numerous than leucophrys. 


E 
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221. Fox Sparrow. Passerella iliaca. A tolerably common migrant, 
overlooked by Aughey. 


222. LINcoLN’s Sparrow. Melospiza lincolni. A fairly common mi- 
grant. 


223. Swamp Sparrow. Melospiza georgiana. An uncommon migrant, 


and probably a breeder. 


224. Sone Sparrow. Melospiza melodia. First reported by Aughey, 
who examined two specimens taken at Dakota City in June, 1865. A fairly 
common migrant—not found breeding. Presumably beata would be the breed- 
ing form; a single specimen of the migrating form was taken on the Iowa side, 


and identified by Dr. H. C. Oberholser as juddi. 


225. CHESTNUT-COLLARED Loncspur. Calcarius ornatus. First reported 
by Aughey, who took five specimens in Dakota County in May and June, 
and evidently considered it as breeding. I have not found it in any season. 


226. SNow Buntinc. Plectrophenax nivalis. First reported by Aughey, 
who listed two specimens taken in February, 1865. I have never found it in 


Dakota County. 


The following summary shows when and by whom the species of the 
present list have been contributed: 


Aughey (1878) 

Bruner (1896) species 
Anderson, R. M. (1907) species 
Gabrielson (1914) species 
Allen, A. F. (1915) species 
Stephens (1917) species 
Stephens (1918) species 
Stephens (1920) species 
Spiker (1926) species 
Stephens (1930) species 
Youngworth (1931b) species 
DuMont (1933) species 
Youngworth (1933) species 
Youngworth (1934) species 
Stephens (present list) species 
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Cardiac Inversion and Translocation in a 


New-born Calf 
Charles D. Howell and W. Gardner Lynn 


The animal to be discussed here was a male calf born April 25, 1935. It 
was called to our attention the following day on account of its obvious abnor. 
mality and its inability to take food. The abnormal position of the heart was 
apparent at a glance, for the organ formed a prominent bulge in the throat 
midway between the first rib and the angle of the jaw. Its beating was clearly 
discernible at a distance of twenty feet. Upon palpation it was obvious that 
the organ was also reversed in orientation, the tip of the ventricle being 
directed anteriorly. The animal never stood up of its own volition and when 
lifted to its feet retained a standing position only with difficulty. At such 
times it stood with the forelegs spread apart and its head hanging, presumably 
thus avoiding constriction of the heart and great vessels. Undisturbed, it con- 
stantly lay on its left side and exhibited signs of discomfiture when forcibly 
transferred to the opposite side. When the calf was reclining, its heart region 
was fully exposed and free from contact with limbs or head. To maintain 
such a position the head was held in an awkward posture, and the forelegs 
were spread apart. 


Several observation on the pulse rate at different times showed that it was 
regularly 158-162 per minute. The respiratory rate was about 38 per minute. 
The calf’s breathing was labored throughout the period of observation for 
although inspiration was normal it was not followed by a smooth expiration. 
The noises accompanying respiration increased throughout the twenty-four 
hours of observation. This was probably due to weakness, the animal not 
having fed since its birth. Attempts to feed it having failed, the calf was 
chloroformed and embalmed, and the dissection begun. 


Upon examination, the heart was found to lie in an inverted position be- 
neath the sternohyoid muscle. The ventricles were directed cranially and the 
auricles caudally, while the dorsal aorta came off the dorsal side of the heart 
and the great veins entered on the ventral side. Thus, of the three axes of 
the heart only the right-left axis maintained its normal relationship, and the 
antero-posterior and dorso-ventral axes were reversed. The pericardium lay 
entirely outside the mediastinal space adjacent to the sterno-thyro-hyoid 
muscle on the anterior ventral side and to the sterno-cephalicus (the sterno- 
mastoid plus the sterno-mandibular) on the posterior ventral side. Laterally 
it was bounded by the omohyoid muscle and its aponeurosis, the latter being 
extensive on the right side where the fleshy part of the muscle was reduced. 
On the right dorsal side the pericardium lay in contact with the trachea, and 
on the left dorsal side it was adjacent to the longus colli muscles. It was 
strongly anchored to the dorsal cervical muscles by well-developed deep fascia 
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and tendinous cords, and in addition was firmly attached by numerous tendin- 
ous cords to the sternum and the diaphragm. 

Several minor irregularities were present within the pericardium. Two 
inches from the anterior extremity on the left side a lobe of the thymus gland 
had grown into a kidney- shaped inpocketing of the parietal pericardium. On 
the same side near the anterior dorsal surface of the pericardium, the peri- 
toneal lining was pushed out forming eight tiny culs-de-sac evaginated into 
extensions of the pericardium. These extensions continued beyond the evagi- 
nations to form some of the tendinous attachments to the fascia of the deep 
cervical muscles. The heart itself was 61/4 inches long, and 91% inches in 
circumference at the midpoint of the ventricles. Since it lay in a region not 
adequately adapted to it, certain other structures were necessarily forced out 
of position. The cervical portions of the oesophagus and trachea were found 
to the right of the midline. Posterior to the heart they passed gradually to 
the left, lying just in the midline at the level of the second rib. The trachea 
was compressed dorso-ventrally and twisted so that the ringless portion was 
directed to the right. This resulted in inefficiency and together with conditions 
of the diaphragm (see below) may account for the calf’s labored respiration 
and abnormal postures. 

The thoracic cavity was small since, in the absence of the heart, the only 
organs contained in it were the lungs. It was completely separated into right 
and left pleural cavities by the unperforated mediastinal septum. Doorsally 
the septum enclosed the posterior vena cava, dorsal aorta, oesophagus, nerves, 
and the thymus gland throughout its length. In addition it also enclosed the 
trachea along the anterior portion of its dorsal border. 

The right lung was nearly twice as large as the left one, and much more 
hightly developed. (PI. 1, Figs. 3 and 4) Due to the absence of the cardiac 
notch it was quadrilateral in shape, with distinct dorsal, basal, ventral and 
apical borders. (PI. 1, Fig. 3) The intermediate lobe showed an unusual rela- 
tion. Normally it forms the medial and dorsal walls of the posterior caval 
impression, being separated from the bulk of the lung by the posterior caval 
vein. However, in this specimen it was tightly pressed against the diaphrag- 
matic and cardiac lobes and so formed part of the ventral and lateral borders 
of the caval impression. Moreover, since the posterior vena cava necessarily 
tan the entire length of the thorax in order to pass from the liver to the heart, 
the caval impression also ran the length of the right lung. Dorsal to this 
impression on the medial surface the lines of pleural reflection proceeded from 
the hilus of the lung to unite in a point one-third of the way from the dia- 
phragmatic tip of the lung. Parallel and dorsal to these lines appeared an 
impression made by the lobes of the thymus gland, which enclosed the oesoph- 
agus and the dorsal aorta. The smaller left lung (see Pl. 1, Fig. 4) was 
divided into two lobes, a diaphragmatic and an apical lobe. The latter was 
relatively larger than normal and probably represented a combined apical and 
cardiac lobe. The postcaval impression was very shallow, since the great pos- 
terior vein lay to the right of the mediastinum. 

The muscles of the right side of the diaphragm were well developed, and 
to all appearances normal. However, on the left side this was not the case; 
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the lateral-dorsal region being poorly supplied with muscle fibres, and consist. 
ing mainly of tendinous connective tissue, a condition commonly supposed to 
precede diaphragmatic hernia. This weakness may be one of the factors pre. 
disposing the calf to lie constantly on its left side. Such a position would 
give the right lung, and right half of the diaphragm the greater opportunity 
to carry on respiratory activities, and put less burden on the left lung and left 


half of the diaphragm. 


The large arteries of the heart exhibited a number of abnormalities which 
are worthy of note. (See Fig. 1 & Pl. 2, Fig. 5). The pulmonary trunk 
arose from the dorsal side of the base of the heart to the right of the midline. 
It proceeded caudally crossing the aorta to which it was connected by a broad 
ductus arteriosus and forking into right and left pulmonary arteries at the 
level of the first rib. The dorsal aorta arose from the dorsal border of the 
base of the heart to the left of the midline. Since it proceeded directly pos- 
teriorly it formed no aortic arch and so was not divisible into ascending and 
descending aortae. (See Fig. 1C). It gave off three large branches in the 
thorax. The most proximal of these was a brachio-cephalic artery which arose 
from the aorta as the latter emerged from the heart. It coursed anteriorly 
half the length of the ventricles, then arched to the right and posteriorly, and 
turned laterally at the shoulder to become the right subclavian artery. The 
two common carotids arose separately, one-half inch apart, from the most 
cranial portion of the arch of the brachiocephalic. At the level of the base 
of the heart, the dorsal aorta gave rise to the left subclavian artery and joined 
the ductus arteriosus. 


The relations of the dorsal aorta and its branches are compared with the 
normal in Figure 1. It may be seen from this diagram and the foregoing 


Cow- Horse (B) Cat-Dog (C) Abnormal calf 


Fig. 1. Diagrams comparing the origin of the arterial trunks in the normal cow and 
horse, in certain carnivora, and in the abnormal calf. a.a., aortic arch; b.r., brachio- 
cephalic artery; b.t., bicarotid trunk; c.b.r., common brachiocephalic artery; l.c., left 
carotid artery; I.s., left subclavian artery; r.c., right carotid artery; r.s., right subclavian 
artery. 
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account that there was no common brachiocephalic trunk such as is usually 
present in the cow. (Fig. 1A). Instead, the components of this trunk were 
split into the large brachiocephalic and the independently arising left sub- 
clavian arteries. (Fig. 1C). Another uncommon condition was the indepen- 
dent origin of the right and left common carotid arteries. The combination 
of this anomaly with the one just mentioned makes the interrelationships of 
the main arteries of this calf similar to that found regularly in some members 
of the carnivora. (cf. Fig. 1 B & C). 


The veins likewise showed several anomalies. The posterior vena cava 
opened into the right auricle in the midline near the ventral side of the base 
of the heart. Its thoracic portion consisted of a straight vessel, 63g inches 
long, between the termination on the heart and the foramen venae cavae of 
the diaphragm. The latter was in its normal position. The most pronounced 
anomaly was the paired nature of the anterior venae cavae. (Fig. 2B). The 
right and left anterior venae cavae opened into the right auricle on either side 
of the entrance of the posterior vena cava. Distally they arched laterad, 
receiving their component vessels anterior of the first rib. They received sym- 
metrically placed branches from their respective side except for the position of 
the unpaired hemiazygos vein, which delivered its blood through the left 


anterior vena cava. 


One and one half inches from their terminations on the heart, each anterior 
vena cava was formed by the union of the internal jugular, costocervical and 
subclavian veins. Distally each subclavian received the external jugular and 
the internal mammary, lateral to these the external thoracic and then continued 
into the limb as the axillary vein. The right costocervical vein was joined 
by a large trunk, the common stem of the vertebral, the deep cervical and the 
transverse colli. It continued distally as the supreme intercostal which found 
its source in the first three dorsal intercostal veins, and in two irregula 
branches from the muscles at the levels of the third and fourth intercostal 
spaces. The left costocervical vein was larger than the right. In addition to 
branches corresponding to those described for the right vein it received the 
large unpaired hemiazygos. The latter received branches from the fourth and 
subsequent dorsal intercostal veins, and the lumbar muscles. The costocer- 
vical proper, on this side, terminated in the third intercostal vein. 


It seems advisable at this point to summarize the chief abnormalities of the 
venous system. Five or six paired veins and the unpaired hemiazygos normally 
enter the anterior vena cava. (See Fig. 2A). The most caudal of these paired 
veins is the costocervical, formed from the transverse colli and the supreme 
intercostal veins. Anterior to this the vertebral and the deep cervical enter, 
frequently by a common stem. Cranial to this and in order, the internal 
mammary, subclavian and the common jugular veins enter it. However, in 
the calf studied (see Fig. 2B) the anterior venae cavae were formed by the 
union of three paired vessels: the internal jugular, the costocervical and the 
subclavian. The external jugular and the mammary entered the latter vein 
while the remaining veins (with the exception of the internal jugular) entered 
the costocervical. 
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We may conveniently compare the heart of this animal with a normal 
heart that has been rotated forward through an angle of 180° with its base 
as the axis of rotation. Such a rotation would place the origin of the arteries 
on the dorsal side of the heart, and the origin of the veins on the ventral side. 


RIGHT 
SIDE 


Fig. 2. Diagrams comparing (A) the heart and thoracic veins of the normal cow 
with (B) the corresponding parts in the abnormal calf. Drawn from the ventral aspect. 
The dotted lines indicate parts of vessels on the dorsal side of the heart. a.v.c., anter- 
ior vena cava; ax., axillary;; c.c., costocervical axis; c.s., coronary sinus; d.c., deep 
cervical; 2, 4 d.i., second and fourth dorsal intercostal; e.j., external jugular; ij., 
internal jugular;; i.m., internal mammary; |. avc., left anterior vena cava; l.c., left 
coronary; p., pulmonary veins; p.v.c., posterior vena cava; r.c., right coronary; r. avc., 
right anterior vena cava; s.i., supreme intercostal; sub., subclavian; t.c., transverse 
colli; v., vertebral. 


The innervation of the heart, lungs, diaphragm and great vessels appeared 
to be normal, with compensations for the peculiar positions of the organs. It 
does not seem necessary to go into this in detail in our discussion. 


The cause of this condition may have been external (physical) or internal 
(developmental). If it were the former we may postulate a physical cause; 
for example abnormal pressure brought to bear on the heart by the uterine 
folds or by a misplaced umbilical cord. However, the condition may have 
been the result of a departure from the normal developmental process. In 
either case we can attempt to ascertain the latest embryological stage in which 
the change could have occurred, the nature of the change, and whether or not 
the heart could have first taken its normal position and then become inverted. 
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The following account attempts to do this in the light of normal embryolog- 
ical development. ! j 

It is known that as the embryo lengthen, the attachments of the base of 
the heart prevent the latter from remaining at the level of the first somite 
where it began to form. Instead it is found in succeeding stages further and 
further posterior, coming to rest finally in the thorax between the third and 
seventh ribs. This change in position is referred to as the “migration” of the 
heart. Is it possible by arresting this migration to account for the abnormality? 
It seems not, since if it had been arrested when the base of the heart was at 
the level of the sixth cervical vertebra, an attempt to turn it forward into the 
position it finally occupied would be impossible, because the chin fold of the 
ectoderm and mesoderm at this stage of development (cf. 10-18 mm. pig) 
would intervene and prevent the heart from making the contact with the 
dorsal cervical muscles that would be necessary to fulfill our conditions. 

The last stages of development in which the ventricles could be rotated 
forward so as to form an attachment to the dorsal cervical muscles are very 
early ones before the characteristic curvature and the chin fold appear keeping 
the heart in the future thorax. At such an early stage, (cf. the 4-5 mm. pig) 
the heart consists merely of two enlargements of the endocardiac tube joined 
by the slender atrio-ventricular canal. At this stage the ventricle might have 
come to lie posterior to the auricle and later been forced anterior to it. How- 
ever, we need not assume that such a replacement had taken place, for one 
can imagine a probable situation in which some pressure (for example, from 
the uterus or from an umbilical stalk forming slightly more anteriorly than 
usual) prevented the ventricle from looping posterior to the auricle (see Pl. 3, 
Fig. 6) and forced it against the mesoderm beneath the early forming arches. 
Following such a change the pericardium would arise from the mesoderm of 
the cervical region surrounding the heart rather than from the mesoderm of 
the thoracic region adjacent to the liver. In this position the anteriorly mis- 
placed pericardium in the cervical regions would enfold the heart, and by its 
attachments to the cervical mesoderm would prevent the heart from migrating 
out of the neck. 

This early displacement of the heart may account for the major abnormal- 
ities of the vascular system. A little imagination will show how the dorsal 
aorta could be “pulled” into a straight tube as the neck and thorax lengthened 
behind the heart. So too it can explain the arch of the brachiocephalic artery. 
The latter is anchored by the heart and the carotids in its early development. 
At this time the right subclavian (right aortic arch) is losing its connection 
with the dorsal aorta, and is weakly developed. The more highly developed 
carotids would exert more tension on the brachiocephalic than the small sub- 
clavian causing it to curve forward between the heart and the right limb. 

The anterior dorsal position of the heart placing it between and below the 
anterior cardinal veins may likewise have been a factor inhibiting the formation 
of the anterior cardinal anastomosis, since the latter would have had to form 


1 Due to insufficient information on the embryology of the cow we have based this 
study on pig embryology, which seems to be reliably comparable to that of 
the cow. 
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in a region affected by the motion of the heart. The failure of this anasto- 
mosis to occur would have kept the left anterior cardinal and the left common 
cardinal veins wholly functional. Normally the left common cardinal degen- 
erates to form the coronary sinus, while the right one remains as the precava, 
receiving blood from both the right and left anterior cardinals (i.e. jugulars). 
However under conditions described here, each common cardinal forms a 
precaval draining its respective side. 


This unusual fate of the left common cardinal vein affords an explanation 
for the position of the hemiazygos vein the calf. Normally the hemiazygos 
is formed from the left supracardinal and the base of the left postcardinal. It 
empties into the coronary sinus, i.e. the degenerate left common cardinal. 
With the left common cardinal forming the left precava, it would be expected 
that the hemiazygos should empty into it and that there would be no coro- 
nary sinus on the heart. This proved to be the case. Dissection of the heart 
showed that the two coronary veins opened separately into the right auricle 
ventral and anterior to the mouth of the left precava. This is however, not a 
complete confirmation of the hypothesis, since the coronary sinus occasionally 
does not appear on the heart of the cow. 


The brachial arteries form later in development than the aortic arches so 
that the point of attachment to the fourth aortic arches completing the sub- 
clavian formation depends on the relative positions of the brachials and these 
arches. In this calf obviously the arch had been drawn so far forward that 


the brachials had of necessity become attached abnomally near the embryo- 
logically dorsal ends of the arches. As usual the right brachial formed as a 
continuation of the fourth aortic arch, which lay entirely to the right of the 
heart. The left brachial, instead of crossing the straightened dorsal aorta to 
reach the brachiocephalic, joined it conveniently near the shoulder. It is well 
known that arteries and veins make practical attachments rather than con- 
ventional ones in unusual conditions, so that this seems to be a suitable 
explanation for the failure of the subclavians to originate from common 
brachiocephalic trunk. 

The normal formation of a bicarotid trunk may, in the light of these 
facts, be laid to growth of the aortic sac between the third and fourth arches 
during the elongation of the cervical region of the embryo and the subsequent 
“migration” of the heart. However, since heart here described did not 
“migrate,” the physical causes of the antero-posterior growth of the aortic 
sac would have been totally lacking. Thus the carotids remained in their 
primitive position on either side of the brachiocephalic, which originated in 
part from the aortic sac. 


These anomalies of the veins and the arteries fit in well with the conclusion 
drawn earlier, that the heart occupied this abnormal position at an early 
embryonic stage. This stage preceded the formation of the liver diverticulum. 
Thus it never came in contact with the floor of the gut as the heart normally 
does. In spite of the failure of this contact the liver formed normally in this 
calf. From this we conclude that the formation of the liver in the cow does 
not depend on contact of the heart with the floor of the gut cavity at the 
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point where the liver diverticulum forms, as is the case in the chick. 
So far as we know, this is the first evidence indicating that the liver in a 
mammal has the power of self-induction, such as has been established for 


the liver of amphibians. 


Plate 1, Fis. 3. Photograph of the medial side of the right lung. The lobes are 
intermediate lobe; L.P.R., lines of pleural reflection. Fig. 4. 


Photograph of the medial side of the left lung. The lobes are separated slightly. 
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Plate 2, Fig. 5. Photograph of the heart of the calf from the left side and slightly 
ventral. Ventral side to the left, dorsal to the right. Fig. 6. Same from the right side. 
Ventral side to the right, dorsal to the left. a.v.c. (a.v.c’), right (left) anterior vena 
cava; ax., axillary a.; br., brachiocephalic a.; c. (c’), rt. (1) carotid a.; c.a. (c.a.’), 
rt. (1) costocervical a.; c.g., coronary groove; c.v. (c.v.’), rt. (1), costocervical v.; 
d.a., dorsal aorta; d.c., deep cervical a.; h. az., hemiazygos v.; ij. (i.j.’), rt. (1) 
internal jugular v.; i.m., rt. internal mammary a.; p-a., rt. pulmonary artery ; pul. V.V.5 
pulmonary veins; p.v.c., posterior vena cava; r.l.g., rt. longitudinal groove; s.a. (s.a.’) 
rt. (1) subclavian a.; s.v. (s.v.’) rt. (1) subclavian v.; v.a., vertebral artery. 
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CARDIAC INVERSION IN CALF 


Left anterior 
cardinal v. 


Aortic arches 
Atrium 


Ventricle (abnormal) 


Liver plexus 


Atrioventricular canal 


Vitelline artery and vein ; Posterior Cardinal 


v. (cut) 


Umbilical vein 


Left dorsal aorta 


Left allantoic artery and 


Plate 3, Fig. 7. Drawing of an hypothetical early stage of development illustrating 
the position of the heart which possibly led to the inversion and translocation of the 
organ. Paired vessels are shown only on the left side. Stage: c.f. 4-5 mm. pig. 


After Sabin. 
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The Effect of the Winter of 1935-36 on 
Wisconsin Quail 


Aldo Leopold 


The winter of 1935-36 will go down in history as a killer. Probably no 
single winter since the turn of the century, and possibly none since “The Big 
Snow” of 1881-82, has wrought equal destruction on bobwhite quail in Wis- 
consin. This paper presents such data* on its effects as are available. 


Similar data for single winters and for series of winters have been published 
by Forbush,! Leopold?,?, Kendeigh+, Errington®, and Errington and Hamer- 
strom®. The last-named paper summarizes winter survivals for the period 
1929-1935. 


LossEs 


Since 1932 Wisconsin quail have been in a state of “irruption,” i.e., have 
built up to an extreme high, at the same time spreading northward and east- 
ward into new range. The winter of 1934-35 killed many, but in most coun- 
ties not enough to prevent a prompt return to high levels during the favorable 
breeding season of 1935. A paper on the nature and extent of this irruption 
is in preparation by Hawkins and Hamerstrom. 


The cumulative effect of the winters of 1934-35 and 1935-36 was to nearly 
exterminate quail in a belt several counties wide along the north and east 
boundaries of the range. Even in the southwestern counties quail were reduced 
to perhaps ten per cent of their 1934 numbers. 


Interpretation of this sudden shrinkage in distribution and density is 
complicated by two circumstances: (1) The period 1932-36 represents the 
down-grade of the 11-year population cycle, hence one can never be sure 
whether the disappearance of quail in any given locality was due to weather 
alone; (2) there has been a large increase in winter feeding, hence some sur- 
vivals occurred on range which would otherwise have been swept clean. 


In 1932 an open quail season was allowed for the first time since 1894, but 


* Graduate students of game management contributed to this paper as follows: 
Leonard W. Wing, supervision of autopsies; Orville S. Lee, stomach analy- 
ses and body-measurements ; Douglas E. Wade, field observations and weath- 
er charts; Arthur S. Hawkins, Hilbert R. Siegler, Starker Leopold, and 
Harry Anderson, field observations. Ralph C. Conway of the State Conser- 
vation Department, also field officers of the Soil Conservation Service and the 
Resettlement Administration, sent in frozen birds and supplied mortality data. 


Dr. A. L. Stone of the Agronomy Department identified doubtful seeds. 
408 
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the kill was, I think, too small to affect the subsequent trend of populations. 
The kills reported by licensees are: 

1932 2 counties open 551 quail 

1933 9 counties open 10,171 quail 

1934 17 counties open 12,496 quail 

1935 13 counties open 10,848 quail 


1936 no open season 


The known samples of 1935-36 winter mortality are given in Table 1. 
Snow-blocked roads greatly interfered with the continuity of observations. 
The census for the last three areas is probably inaccurate. The mortality per 
cents are probably better than the densities. The table indicates a winter loss 
of 30-83 per cent of the 1935 fall population. 


I have the strong impression, but no proof, that the average mortality was 
heavier than that on these sample areas. The fact that all but one of the 
samples were fed, whereas the average range is still unfed, lends probability 
to this beliet. 


The area of quail range in 1934 was estimated? to be 7 million acres. 
Assuming a 1935 population of a bird per 20 acres, and an average loss of 90 
per cent, the loss would have been 300,000 quail. The temporary range occu- 
pied only during the recent irruption extended considerably beyond. It sus- 
tained a heavy loss in 1934-35, and a virtually complete loss in 1935-36. It is, 
I think, no exaggeration to estimate that at least half a million Wisconsin 
quail, and possibly a million, died during the last two winters, mostly in 
1935-36. 


It seems probable that during irruptive periods a great increase in the kill 
could be safely allowed. 


Despite the havoc of 1935-36, quail have reappeared on ranges seemingly 
wiped clean, notably in the sand area of central Wisconsin. Their numbers, 
however, are so small as to suggest that another bad winter might complete 


the job. 


It seems probable that the periods of near-extirpation such as that reported 
by Kumlien and Hollister® for the decade following 1885, were the cumulative 
result of a series of hard winters. Whether feeding can prevent their recur- 
rence is the question of the day. 


THE WEATHER 


Hard winters differ from each other in the character of their lethal action. 
Some kill birds directly by the impetuous ferocity of sudden storms. Some 
starve them indirectly by coating all food with ice. Others grind them down 
by the sheer persistence of intense cold and deep snow. 


1935-36 was of the third category. Fig. 1 shows the record for the Madi- 
son station. Subzero days, with a gradual accretion: of snow, stretched in un- 
broken succession from January 14 to February 23. There were only two 
severe preliminary storms, and none in March. 
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1934-35, on the other hand, was of the first category. It was rated as a 
killing winter at the time, and did inflict a heavy loss on unfed quail, but it 
consisted of a discontinuous series of eight storms, only one of which carried 
either the severe temperature or the snow continuous throughout February, 
1936. In most counties the 1935 breeding season sufficed to rebuild the quail 
population. 


1917-18 combined the characters of the other two. At Madison deep snow 
and subzero temperatures prevailed from January 8 to February 8, with three 
preceding and one succeeding storm. 1917-18 is mentioned because of the 
wide prevalence of quail losses in the north-central region. 


Graphs of Madison weather similar to Fig. 1 have been published by 
Errington® for 1929-30 and 1931-32. 


Hardness Test. To compare the severity of winters in respect of farm 
game, the following test is suggested as a possible standard for this region: 
plot as parallel graphs the lowest daily temperature and the depth of un- 
melted snow (vertical coordinate) against time (horizontal coordinate). Let 
one unit on the vertical scale equal 5 degrees Fahrenheit and 5 inches of snow. 
Let one unit on the horizontal scale equal 5 days. 


The amount of lethal weather in any given winter will be represented by 
the area subtended above by the snow graph and below by the temperature 


graph. 
Planimeter this area to determine its size in square units, and multiply by 


2.73 to compare with 1935-36 as 100 lethal units. The lethal units for the 
three winters depicted in Fig. 1 would be, according to this formula: 


Square Units [Lethal Units 
1935-36 36.6 x 2.73 = 100 
1934-35 36 2 15 
1917-18 263 x 2.73=> 72 


This test omits consideration of wind. 


AUTOPSIES 


Autopsies wete made on 44 winter-killed quail, 27 found in January, 5 in 
February, 12 in March. Forty of the 44 died of weather, 4 were killed by 
cars and dogs. 

Weights. The most notable fact disclosed by the data is the breakdown 
of the heretofore accepted truism: “You cannot freeze a fat quail.” Under 
the conditions prevailing in 1935-36, birds weighing over 200 grams comprised 
15 per cent of the weather-killed birds found. Birds weighing 175-200 grams 
comprised 34 per cent, 150-175 grams 11 per cent, under 150 grams 40 per 
cent. Most game managers have heretofore regarded 180 gram (6.4 ounce) 
quail as nearly weatherproof?. 


One quail, not in this series, was caught in a weakened condition by Haw- 
kins, after flying ten feet. It weighed 250 grams, the heaviest quail so far 
tecorded by this University. (For details of this bird see caption on food and 


grit.) 
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Wade found one covey of 14 weather-killed quail on January 23 which are 
included in this series, but details of which are reported by him in a separate 
paper!0. Five of the 14 weighed over 200 grams thawed, none less than 160 
grams thawed. Two February and March birds also exceeded 200 grams 
thawed. 


All of these 16 heavy birds had empty crops, and all had corn debris in 
the gizzard. This may or may not prove they had eaten corn in the recent 
past, but the weights preclude any protracted starvation. As will be shown in 
a later caption, 5 other weather-killed birds died fat with food in the crop. 
The conclusion is inescapable: 1935-36 killed prime heavy quail which had 
gone foodless for only short periods. 


After the return of mild weather in March, some birds of surprisingly low 
weight were found, 83, 90, 92, 102 grams. All these melted out of drifts, 
and hence had lost some weight by decomposition. The last three at least had 
apparently been imprisoned alive in the snow, and thus kept warm while 
starving; hence their weights are not representative of ordinary weather-killing. 
Another 95-gram bird, however, was picked up on January 28 near a feeder. 
Death had apparently (but not surely) been recent. Survival of a free- 
ranging bird to such a low weight in cold weather is not explicable. It is 
usually believed that quail survive at very low weights only in warm weather. 


Ice Under Wings. Another important disclosure was that each bird in the 
scattered covey found by Wade had a coating of ice under the wings. The 
average quantity of such ice, on 16 birds, as indicated by the difference be- 
tween the frozen and thawed weights, was nearly 5 grams. The maximum 
was 11 grams. 


The origin of this ice is unknown, but there is little doubt that it in some 
way hastened the death of these birds. King (unpublished) found something 
similar in weather-killed Minnesota pheasants. The origin of ice under wings 
should be susceptible of experimental study. 


Sex and Age. The sex of the 44 quail autopsied, and the age as deter- 
mined by the Stoddard test, showed nothing abnormal. The data are: 


Over 114 years 
Under years 


Food and Grit; Weak Quail. The food and grit content of the 44 quail 


was, in grams, wet weight: 


| Number | Food Grit 

| empty Aver. Max. in. | Aver. Max. Min. 
Gizzard 3 | 4.1 0.3 1.0 0 
Crop _| 2 | 36 | O 0 0 


‘The total absence of grit from crops should be noted. 
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The following birds found fat, fed, and dead, are hard to explain in terms 
of pre-existing suppositions: 


No. Sex Date found Date died Weight Food Grit 
22 g Jan. 13 ? Ser. Crop: 110 ragweed, 6 smartweed none 
Gizzard: 100 ragweed, 40 ladies 0.1 gr. 
thumb, 3 smartweed, debris 
fresh 202 ¢r. Crop: 25 corn, 3 buckwheat none 
(at a feeding station) Gizzard: corn debris, alfalfa 0.6 gr. 
9 Mar. long 203 gr. Crop: corn none 
(at a feeding station) before Gizzard: | buckwheat, | corn, 07 gr. 
debris 
34 2 Mar. | 1-2 wks.?> 207 gr. Crop: 32 corn, 43 buckwheat none 
Gizzard: 2 corn, 2 stones, 0.8 gr. 


2 buckwheat, debris 


Five quail were flushed at feeders so weak as to fly only a few yards. 


Three of these were caught by hand. Their condition was: 
Bird No. Sex Date | Weight Food Grit 
Dec. 28 | 250 gr. | Crop: full of corn ? 
35 Feb. 5 97 gr. | (Died in captivity) | 0.7 gr. 
30 ‘ Feb. 29 | 197 gr. | Crop: empty none 
| | Gizzard: 9 smartweed, | giant 0.4 gr. 
| | | | ragweed, corn debris 


The first bird was examined bacteriologically by the Medical School. 
While no disease was found, the fact that such a full heavy quail should be 
weak at such an early date would indicate a pathological condition. 


No. 35 was a partially grown “‘squealer” later dying in captivity. No. 30 
had suffered a bite from a dog. To be caught by a dog it must have been 


weak. 


Considering the two foregoing series collectively, one is led to suspect the 
presence of some malady devoid of visible lesions and overtaking seemingly 
healthy individuals, like the “shock disease” recently described by Green, 
Shillinger, and Larson'! in snowshoe hares. 


The thin birds of the series, contrary to expectation, included none stuffed 
with low-grade food. Their crops and gizzards were either empty or contained 
small amounts of corn, wheat, both ragweeds, smartweed, sumac (R. glabra 
and typhina), wild morning glory, ball mustard, velvet leaf (Abutilon avicen- 
nae) seed, also seeds of rose and cherry, and bits of alfalfa. One might con- 
strue this as the harvest of very short-range foraging in nearly foodless coverts. 

Snow Fatalities. Hilbert R. Siegler. while tending a feeding station on 
February 10, failed to find any sign of 12 quail previously seen there daily. 
He probed in a nearby grape tange with a stick and found all 12, alive but 
too weak to fly, buried under six inches of drifted snow. Four of this released 
covey were missing next day, evidently having died. 


Many reports of snowed-over coveys came in from laymen. One member 
of the Dane County Sportsmens’ Association is said to have been shovelling 
out a hopper, and upon throwing out a large cake of drifted snow, it split and 
emitted a quail. 
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Size Index. To compare birds of different regions for size, and birds of 
different years for general development, some index to size is needed. Weight 
is usually used, but during starvation periods weight is of course no indica- 
tion of size. A very light starved bird may be of large frame. 


In the hope of developing some index usable under any conditions, the 
following length measurements were taken for the 44 quail and analyzed: 
wing, bill, keel or breastbone, and wishbone. 


Body length could not be measured because the specimens were received 
in various degrees of rigor and desiccation. 


Frequency curves were drawn for each series (per cent of birds in each 
millimetre length-class). Each yields a curve of apparently normal shape 
(except bills, where the range of size is too small). All curves show this 
common characteristic: the most frequent size-class occurs toward the end 
rather than the middle of the range. That is to say, undersizes are more 
frequent than oversizes in these particular measurements. 


Correlation curves were next drawn to measure consistency as between 
wing, keel, and wishbone lengths. Very little was found. That is to say, 
these body-parts vary in length, but they do this more or less independentl) 
of each other. Hence no one of them seems promising as an index to size. 


A brief summary of the ranges in length, in millimetres, is as follows: 


Minimum Most frequent Maximum 
125 mm. 

49 

15 

31 


Emaciation Index. Errington'? classified the progressive stages of emacia- 
tion in quail by a series of eight drawings of breast contours. Each of the 44 
birds was skinned and classified by eye as falling into his emaciation-stage 


A, B, C, D, E, F, G, or H. 


A further attempt was then made to develop, from the body measurements 
described in the foregoing caption, an “emaciation index” which could be 
expressed numerically and dispense with the need for ocular comparisons. 


Two ratios wre tried: (1) weight in grams divided by length of wing in 
millimetres; (2) weight in grams divided by length of keel in millimetres. 
The resulting index-numbers had a good spread, but when arranged in de- 
scending order and compared with the ocular rating, very poor consistencv 
was found, especially in the first stages of emaciation. Only in the advanced 
stages, where the loss in weight is so extreme as to mask the individual varia- 
bility in length of wing and keel, do the ocular and numerical ratings give a 
similar sequence when applied to the same birds. 


It is concluded that weight:wing and weight:keel ratios are inferior to the 
Errington diagram as a basis for rating emaciation. 
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MINIMUM DALY TEMPERATURE INCHES UNMELTED 
snow 


Fig. 1. Hardness Test for Severity of Winters. Area of the shaded zone between the 
snowline and the temperature line is suggested as an index to the hardness of the winter. 
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SUMMARY 


. The winter of 1935-36 greatly constricted the range and population 
density of Wisconsin quail. Mortality on measured samples ranged 
from 30 to 83 per cent. 


. The lethal effect is ascribed to 40 days of continuous cold and snow. 
The previous winter of 1934-35, as measured by a “hardness test,” 
was only 15 per cent as severe: 1917-18, 72 per cent. 


. Fat well-fed quail died in numbers, a phenomenon hitherto unrecorded. 
Some of these had ice under the wings. Many were imprisoned in 
snow. 


. Attempts to develop a size-index from body measurements, and an 
emaciation-index from weight:length ratios, were unsuccessful. 
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Winter Feeding at Faville Grove, 1935-36 


Arthur S. Hawkins 


The Faville Grove Wildlife Area lies on the west bank of the Crawfish 
River near Lake Mills, Jefferson County, in the heart of southeastern Wiscon- 
sin’s dairy country. About two-thirds of the area is flat river bottom; the 
remainder is gently rolling upland. It includes 10 farms totalling 2,300 acres. 

These farmers cooperate with the University of Wisconsin in practicing 
wildlife management on their lands. The author is a graduate student who 
lives on the area and conducts research work for the university. 


A statistical description of the area and a census of its game appears in 
Tables 1 and 2. 
WINTER Foops 
After heavy snow there is a marked shrinkage in early winter foods. Each 
of those remaining available has important characteristics and _ limitations, 
which are summarized as follows: 


Farm yards are probably the most important emergency food source for 
partridges* and quail. Farm yard feeding, however, is dangerous. Dogs and 
cats sometimes cause mortality in quail by scattering them late in the day 
when they cannot reassemble for roosting. There may also be danger of pick- 
ing up poultry diseases. 

Crop residues and manure. Partridges are largely dependent on the prac- 
tice of currently spreading manure in the fields through the winter. During 
severe weather, however, farmers are forced to suspend spreading for days at 
a time, thus suddenly cutting off the supply of manure food at a crucial time 
when crop residues and previous manure-spreadings are snowed under. 

Cornfields. Snow soon covers all corn except that left standing or in 
shocks, which this year was only five per cent of the corn area. Even this 
became mostly exhausted or buried. 

Poison sumac (Rhus Vernix). This shrub grows in tamarack swamps and 
this year bore a heavy crop of berries which were always available. They are 
eaten by quail and pheasants, but their food value is unknown. Gilbert Gig- 
stead, who recently studied pheasant crops for the Wisconsin Conservation 
oe (unpublished), found these berries to be a preferred pheasant 
ood. 

Mast. The acorns here are all large, hence only those opened and dropped 
by squirrels are available for quail. It is doubtful whether other game birds 
of the area use acorns to any extent. A hard crust makes mast unavailable. 
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Silphium. The food value of this seed is unknown. It is believed that the «a 
* Pacniilge refers to the Hungarian partridge, Perdix p. perdix, throughout this 4 
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prairie chicken is the only game bird using it to any extent. Before cultivation 
of the prairie began, it may have been the staple prairie chicken diet. 

Bidens. The “sticktights” are eaten by pheasants and are available during 
normal winters, but they were completely covered by snow during the winter 


of 1935-36. 


TABLE | 
Faville Grove Cover Types, Species, and Winter Foods 


Type | Acres | Game Species Early Winter Foods | After heavy snow 


Prairie hay | 160 | Hungarian partridge |Silphium, Bidens, | Silphium, some 
(ungrazed) | pheasant, rabbit other sunflowers, rye 
smartweed, rye* 


Oak groves Quail, partridge, Acorns, hickory Some mast 
(grazed) squirrel, rabbit | nuts 


Cultivated All game species |Crop residues, Manure, farm- 
and pasture |greens, lesser lyards, food 
| ragweed |patches, some 
greens f 


Mixed woods| 100 | Quail, squirrel, Mast, trefoil, dog- |Some mast, 
(ungrazed) | rabbit wood and other | berries 


berries, locust 


beans 
| 


Tamarack ‘ Quail, pheasant, Bidens, poison Poison sumac 
(ungrazed) rabbit sumac, smartweed 


Quail, pheasant, Giant ragweed, Giant ragweed 
potholes partridge, rabbit smartweed | (not eaten to 


any extent) 
| 


* Several acres of rye, which were surrounded by prairie hay, were left uncut due to 
wet weather in 1935. 

tA few places are wind-swept, or protected and nearly bare, throughout the winter, 
thus providing a source of greens. Partridges dig through as much as 14” of snow, 
even though lightly crusted, for greens. 


TaBLe 2 
Game Census on Faville Grove Before and After the Winter of 1935-1936 
| Population 
Species November 15 March 15 
Prairie chicken ani 


25+ (?) 
Hungarian partridge 100 
Pheasant 50 
Quail | 65 
Squirrel ? (>) 
Rabbit (?) 
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Miscellaneous fruits and seeds. Most of the palatable species are exhausted 
before the pinch period comes. Honey locust trees are common in places, but 
their pods must be opened by squirrels, rabbits, or mice, before quail have 
access to the bean. 

Ragweed. Giant ragweed is plentiful wherever peat soils have recently 
burned, and the seeds are always available. Pheasants, at least, are known to 
eat the seed, but we have little evidence that it is used extensively by them or by 
any other game species. 


Lesser ragweed, while used by all game birds in fall, is here largely un- 
available in winter because exhausted or covered by snow. 

Bark and buds of various woody plants form the staple rabbit diet. Ro- 
dent foods and rodent damage are treated by Hilbert R. Siegler.* 


FEEDING SHELTERS 


Various artificial food supplies and methods of feeding were tested at 
Faville Grove during the winter of 1935-36. The result are summarized in 
the following captions. 


Locations. It is important to build shelters before rains and snows prevent 
materials from being transported by car. Rodent-proof grain storage containers, 
located near feeding stations, save time and energy after winter arrives. 


Do not use corn stalks to thatch shelters in a pasture or a field which will 
be fall-grazed. In such spots board or burlap sidings and waste roofing can 
be substituted. 

Snowdrifts are as important in locating a station as in locating a highway. 
Stations which may drift over, or which are impossible to reach in deep snow, 
are “death traps.” 


Stations too near over-head wires, main highways, or railroads cause heavy 
mortality from accidents. 


Likes and dislikes. A rack feeder and a lean-to hopper station were located 
one hundred yards apart. Partridges and prairie chickens used the former to 
the exclusion of the latter, whereas the reverse was true in the case of bob- 
whites and pheasants, which seemed averse to mounting the rack when feed 


could be obtained on the ground. 


Quail were fond of feeding on top of a nearly-flat roof so built as to be 
about a foot above the ground at its lower end. Rabbits, however, refused to 
feed on the roof, and pheasants preferred to remain on the ground. Perhaps 
quail could be relieved of pheasant and rabbit competition by feeding on a 
raised platform. 

Pheasants ate more near the open front of a station than toward the back 
or interior. 

Partridges were reluctant to enter feeding shelters or to feed from hoppers, 
but will do so if the weather is bad enough. Once accustomed to feeding at a 
shelter, they may continue to do so even after the weather is good. Discarded 


* Siegler, Hilbert R. 1937—Winter Rodent Damage to Game Cover. Jour. of 
Mammalogy Vol. 18, No. |, p. 57. 
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Christmas trees, set up in open fields, proved fairly successful as partridge 
feeding shelters. 

More food was consumed by all species when the grain was spread on the 
ground than when fed in a hopper. 

Partridges, quail, and pheasants preferred stations open at both front and 
back to those with only one opening. 

All the game birds preferred not to use a feeding shelter, if an adequate 
food supply was available in the open. 


Foop PATCHES 


At Favilie Grove, the special grain food patch usually recommended by 
game managers is impracticable. In the first place, the farmers prefer to leave 
part of a regular crop. (This, however, is precluded in fields where the crop 
stubble is fall-plowed or fall-grazed.) Secondly, there is little land for special 
food patches, due to the intensive farm management here practiced. 

In the few instances where special food patches were tried, two obstacles 
arose. The uncultivated patches were ruined by luxuriant weed growth. The 
cultivated patches were successful, but Black Amber sorghum, which was ex- 
tensively used, proved unpalatable throughout the winter. 


One combination patch, containing about twenty shocks of corn and one 
acre of standing corn from which the ears had been snapped, reinforced with 
a hopper feeding shelter and a corn rack, wintered a large covey of quail, 3 
coveys of partridge, 40 prairie chickens, 6 ringnecks, a dozen or more rabbits, 
and several squirrels. This was nearly one-fifth of the game bird population 
on the area. In 1934-35 the same combination was tried but at a spot offer- 
ing poorer cover. Only half as many birds used this spot. 

Why certain excellent-looking game ranges fail to produce or hold coveys 
is extremely puzzling. One farmer left three acres of inferior corn which was 
filled with pigeon grass and lesser ragweed and stood adjacent to an ungrazed 
woods. To all outward appearances, the set-up was ideal. Yet not once 
during the winter was the place used, although there were birds wintering not 
a half-mile away on what seemed to be inferior ground. 


Foop PREFERENCES 


The palatability of 24 different grains and seeds was compared by measut- 
ing consumption when fed in different ways, combinations, and circumstances. 
The experiments were run from January 1 to March 15, but the bitter cold 
weather and drifting snows forced suspension of the work during February. 
The findings are summarized in Table 3. 


One way in which the various feeds were presented was in feeding troughs, 
each divided into 15 equal compartments. Each compartment had a capacity 
of 114, pints. The troughs were open at the top, thus making each feed equally 
visible, and equally available. The seeds were placed in various relationships 
to each other in the compartments. For purposes of record-keeping and field 
observations, large numbers were painted on the front of each compartment. 
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The attempt to measure palatability by using such troughs met with obsta- 

cles; it was impossible to control all the variables. Among these variables are: 

1. Rodents and non-game species feed at the troughs and obscure the 
consumption by game. 

2. Several game species feeding at a single trough make it difficult to 
measure consumption by any one species. 

3. Some feeds are scratched out of the troughs by birds, others cake over 
during thawing and freezing weather, light grains blow out, large ker- 
nels may be taken away by squirrels and other animals to be cached. 

4. Birds may favor one end or the middle of a trough, depending on its 
position in the shelter. 

5. Possibly not all grains of the same kind are of equal palatability. 

6. Winter mortality, exchanges of birds between coveys, and covey move- 
ments induce variation ih the number of birds feeding at a given 
trough. 

Hence it was necessary to study some of the variables so that an allowance 
might be made for them. The tendency to favor any particular part of the 
trough was checked by placing 11/4 pints of corn in each of the 15 compart- 
ments. Consumption was found to vary with the position in which the 
trough was placed relative to the openings of the feeding shelter. If placed 
squarely across the open front, there was no tendency to favor any special 
compartment. If, however, the trough slanted into the shelter, pheasants, at 
least, took more grain from the compartments nearest the open front. When 
the trough was placed along an inner side of a shelter, open at both front and 
back, more was consumed near the ends than in the center. 

Corn preferred to other feeds. Despite the obstacles to exact measure- 
ment, it was soon clear in all trials, under all circumstances, that Yellow Dent 
corn was greatly preferred to any other feed. 


Therefore Yellow Dent corn was compared with other important feeds. 
Here are the results: 


1. At two partridge stations over five parts of Yellow Dent corn were 
taken to one part of buckwheat. 


2. At a pheasant station ten parts of corn were taken to five of buckwheat 
to seven parts of corn-and-buckwheat mixed in equal quantities. 


3. At another pheasant station ten parts of corn were taken to three of 
buckwheat. 

4. At a quail-partridge station ten parts of corn were taken to one part of 
Yellow popcorn. 

5. At another quail- partridge station thirty parts of corn were taken to 
ten parts of barley to one part of oats. 


Since corn was always the first to be eaten, it was given a rating of one 
hundred per cent. Usually the corn compartment was empty before any ap- 
preciable amount of the other grains had been eaten. If then, at a given 
reading, it was found that half of the buckwheat was gone, and all of the corn 
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TABLE 3 


Weights and Palatability Ratings of Grains 
(Composite consumption by all species present at each of seven stations during the test 


period, January I- March 15, 1936) 


Wt. (in | Palatability per cent | 1-1/4 pts. | compared with corn 
Feed grams)per compared with corn | Feed Wt. (in | Palatability per cent 
4 pts. "range | average | grams)per| range | average 
Yellow | Sudan | 
Dent corn : 100 grass* 450 | 30-50 35 
(shelled) | | 
Silver King | Rox 
(white) | Orange 
corn a | sorghum 
Yellow Milo 
popcorn | maize 
White 
Sweet com 4 kafhr 
Yellow 
Dent corn | | 
(ground) ih | Feterita 
Black 
White Amber 
popcorn | |__25 _|sorghum _ 
| Hog 
millet 
Manchu 
| soybeans 
Canada 
Field peas! 


Comm. 
scratch 
feed 
Corn- 
buckwheat | 

T-30 | 15 |(mixed) | | 30-50 


Screen- 


T-25 15 | ingsT | 500 T-10 


* Most of the flint corn was consumed by rodents, while the sudan grass was largely 
taken by small birds. 

t Contained: Rugel’s black seed plantain, green foxtail, lamb’s quarters, yellow dock, 
yellow foxtail, annual sow thistle, clover, alfalfa, timothy and blue vervain. 


Identified by Prof. A. L. Stone, University of Wisconsin. 
T=Trace. 


consumed, it does not necessarily mean that half as much buckwheat is de- 
sired as corn. However, these residues of other grains, compared with empty 
corn compartments, constituted the only usable yardstick of comparative pala- 
tability. The ratings in Table 3 are based on this yardstick and must be 
interpreted as such. The ratings represent a composite value for the 4 species 
of game birds present, plus rodent wastage. 

Table 3 gives low ratings to several feeds which have been recommended 
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highly by others. Particularly is this true of Black Amber sorghum. I do 
not know how to explain this. Stoddard (unpublished) has also noted 


puzzling variations of palatability within a given species of grain. 


Foop CoNSUMPTION 
The tollowing data indicate the amount of shelled corn consumed: 


Quail. Eight quail, three to five squirrels, and one to three rabbits, used 
on an average of 7 pounds of corn per week for 3 weeks, from a hopper. No 
other feed was available to the quail. Thus they did not consume over 0.8 
pounds of corn per birds per week, and probably less if the unknown rodent 
wastage be deducted. 

At another hopper, used by about the same rodent population and 16 
quail, the average was not over 0.6 pounds of corn per quail per week. Rag- 
weed was available. 

Another hopper, at which poison sumac berries were available and few if 
any rodents were competing, had 12 quail using it regularly, and 2 pheasants 
irregularly. The average per birds here was about one pound of corn per week. 

From anothe hopper station which was the only food source being used 
regularly, not over 0.6 pounds of corn per bird per week was used during a 
month by 20 quail. 

It would seem that under the weather and food conditions prevailing at 
this time on this particular area, quail should be supplied with about 0.6 
pounds of corn per bird per week, plus a variable additional allowance to cover 
rodent wastage. 

Pheasants. Thirty ringnecks consumed (with the aid of perhaps eight 
rabbits) 70 pounds of corn per week. Poison sumac and sticktights Bidens 
spp. were also available. It was estimated that the average consumption was 
two pounds per bird per week, or slightly under, after deducting rodent wast- 
age. The grain was fed under a shelter in a pile. More is consumed when 
the grain is thus scatter-fed, than when fed from a hopper. The wastage to 
rodents is also higher. 

The Hungarian partridge. Our data show the consumption by this species 
to be only slightly higher than in quail, doubtless due to the superior foraging 
ability of the partridge. Three-fourths of a pound per week was about the 
average. The better situated coveys visited feeders little or not at all. 

Prairie Chicken. A feeding rack was emptied of its capacity, 55 ears, in 
about a week by an unknown part of the forty-bird flock. The rate of con- 
sumption depended entirely on the severity of the weather. Several fields of 
shocked corn were within the birds’ range. 

One winter Sam Kisow of Lake Mills, one of the pioneers in winter feed- 
ing of Wisconsin game, fed an unknown part of a hundred-bird flock at the 
rate of fifty pounds per week. He figures the feeder-consumption per bird 
at about one and one-half pounds of corn per week. 

Squirrels. If ears of corn are being fed, loss to squirrels is high. Squirrels 
have a decided knack for filching ears. Suspending ears in wire baskets and 
hanging them from a cross-bar with wires or strings was tried with varying 
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success. In squirrel country ears can best be fed by impaling them on spikes 
driven into some solid support. This does not prevent squirrels from eating 
all they want, but it does prevent their carrying away whole ears. 


We do not know the amount of shelled corn and small grains cached by 
squirrels, but believe that shelled corn is not cached, and that grains smaller 
than corn are not bothered by squirrels to any extent, at least when corn is 
available. Germs are often the only part of the corn kernel eaten. 


How much corn does a squirrel eat? Three stations near a hardwood 
woodlot were used by an estimated population of ten gray and fox squirrels, 
about ten rabbits, thirty-five quail, and twenty pheasants. Charging the game 
birds at the rates derived in the foregoing captions, they would account for 
200 pounds of corn during the observation period. Actually about 325 pounds 
of corn were eaten. Hence 125 pounds were charged to rodents and small 
birds. It is impossible to say what part was taken by squirrels and what part 
by rabbits. My estimate is that about two-thirds of the 125 pounds was con- 
sumed by squirrels,—an average of two pounds per squirrel per week. 

Wire mesh over the hopper tray is now being tried as a means of reducing 
rodent loss. However, it should be remembered that squirrels and rabbits, 
by digging to snowed-over food supplies and by opening certain seeds, render 
an important service to game. 

One squirrel was tracked from a woods to a corn crib and back, a total 
distance of a mile, on several occasions. Its entire route was through culti- 
vated fields which were barren of any cover. 


Rabbits. Where browse is available, we believe little grain is consumed 
by rabbits. Five pounds of corn was placed under a feeding shelter used by 
rabbits only. About half was taken during a week. Based on population 
estimates even rougher than those for other species, we conclude that about a 
pound of grain was consumed by each rabbit each week. 

Rats, Mice, and Small Birds. A Norway rat is credited by Hamilton* 
with eating “two-thirds as much mash as will a hen.” Rats sometimes use 
feeding shelters as winter quarters. Where present, four pounds should be 
allowed for each rat per month. 


Mice usually confine their feeding activities to broken kernels and corn 
germs. Deer mice, being noted storers, may cache considerable grain. How- 
ever we blame neither deer mice nor meadow mice for any great drain on 
feeders. 


Bluejays and a few mourning doves fed at the stations, but no consump- 
tion data were obtained. If a quail consumes only a half-pound a week, how- 
ever, a jay—smaller and with a larger cruising range—cannot be charged with 
eating a great deal. However, the jay is a storer and may take more than is 
suspected. 


English Sparrows. The crops and gizzards of 40 specimens were exam- 
ined. Crop weights ran from .0-1.7 grams; gizzard contents did not weigh 


* Hamilton, W. J. 1936. Rats and their control. Bull. 353, N. Y. College of Agr. 
Cornell University. 
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over 0.3 grams. Seven kernels of corn were found to be a large meal for a 

sparrow. Since a single ear of corn has from 500-1000 kernels, it is evident 

that a few sparrows or other small birds at a station would have little effect. 
Summary. In preparing the 1937 winter feeding program, the following 

figures will be used to estimate the amount of feed needed: 

Quail ~--------------------------------- .--_ 0.6 lbs. per bird per week. 


0.75 lbs. per bird per week. 


Prairie chicken (feeding rack) 2 ears per bird per week. 

Rabbit 1.0 lbs. per rabbit per week. 

2.0 Ibs. per squirrel per week. 

It must be remembered that these figures were derived during a severe 

winter, and that the amount of feed required is directly proportional to the 

number of successive days on which snow covers the natural food supply. 


Cost oF WINTER FEEDING 


Three hundred acres, or 13%, of Faville Grove’s 2,300 acres are planted 
to corn. The average yield is 45 bushels per acre. Thus, 11/4 acres, or 0.5% 
of the corn area, would furnish the 3,700 pound of corn which were needed 
during the past winter to maintain the 30 feeding stations. (Except in the 
few cases already mentioned, where corn was left in the field, feeding stations 
bore the brunt of the feeding program.) This is an average of 0.15 acres of 
corn for each of the 10 farms. In terms of incomes, each farmer would lose 
less than five dollars by setting aside this corn for birds. 

Thirty stations were operated, but 20 to 24 would adequately feed this 
area. This would entail each farmer caring for an average of 2 stations from 
November to mid-March. 

Loss ON Fep AND UNFED AREAS 


Two neighboring areas were compared with Faville Grove as to winter 
survival of quail. All three areas are similar in size, and all began the winter 
with comparable quail populations. On the first area, no feeding was done; 
on the second area the quail were fed when and where it was most convenient; 
at Faville Grove the birds were fed throughout the winter. Area 1 and Area 2 
were nearly quail-less by spring. Faville Grove wintered 30% of the January 
1 quail population despite the worst winter in recent history. What might 
have happened to local quail stock if no feeding had been done, is a matter 
for speculation. 

It would be our guess that local recovery is somewhat accelerated by feed- 
ing programs. However, these fed areas are far too few at present to success- 
fully combat killing winters. Wisconsin farmers, if they so desired, would 
materially reduce winter losses with relatively little expense and effort. Fur- 
thermore, I know of no winter sport that pays better returns in healthful exer- 
cise, personal satisfaction and pleasure than winter feeding. A conservation- 
minded father will do well to encourage his boy in those things that put real 
meaning into conservation, and winter feeding is one of them. 


University oF WIscoNsIN, 
Mapison, WISCONSIN. 


E 


Post Hurricane Sea Shore Observations* 
E. M. Kindle 
INTRODUCTION 


A hurricane of considerable violence which originated in the West Indies, 
swept up the Atlantic coast from the Carolinas to New York City in the 
middle of September, 1936. A velocity of 72 miles an hour was reported 
at Cape May, New Jersey, while at Newport News, Virginia, the gale at 
one stage reached 100 miles an hour. The opportunity thus afforded to in- 
spect examples of the work of wave action of unusual strength was improved 
by the writer who visited parts of the New Jersey ‘coast between Atlantic City 
and Delaware Bay a few days after this storm. The observations here recorded 
relate to the shore at Cape May, Ocean City, and Great Egg Inlet a few miles 
south of Atlantic City. The sea shore is never so instructive to a geologist 
as it is just after a gerat storm. But it is a good place at any time to learn 
to appreciate Elton’s observation “That the division of science into water- 
tight compartments is to be avoided like the plague.” ! 


The low coastal plain of New jersey meets the sea with a buffer zone of 
marshes, inlets, and wave-built strips of sand and clay. On the latter have 
been built most of the cities which are the outgrowth of the attractive bath- 
ing beaches. The scrambled appearance which the shore line presents in places 
is well illustrated by J. B. Lucke’s? chart of Barnegat Inlet with its maze of 
marsh islands sliced into numerous half submerged patches of marsh by many 
meandering channels. Parts of the U. S. Coast and Geodetic Survey charts 
of Cape May and Atlantic City are also shown in the same paper together 
with the record of the migration of Barnegat Inlet over a period of nearly 
100 years. 


The precarious shore line of sand and clay at the outer edge of the 
marshes which under natural conditions is subject to erosion and revision by 
every heavy storm (Fig. 1A), is now within the confines of the cities, so 
fully protected by groins supplemented by wood and sheet steel piling (Fig. 
1B) that damage to property and material changes in the shore by the Sep- 
tember storm were negligible within the limits of the cities visited. It is pe 
on the parts of the shore beyond the ends of the “board walks” and their 
protecting bulwarks where the shore is still left open to the sea and the ex- 
periments of the speculative real estate operator and others willing to take the 
risks, that the storm left interesting records. 


MarINE SHELLS 


Just south of the end of Cape May board walk the upper part of the 


beach was covered by an exceptionally large assemblage of sea shells, (see Fig. 


* Published with the permission of the Director, Mines and Geology Branch, 
Department of Mines and Resources, Ottawa, Canada. 
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2B) which extended for a few hundred yards beyond the end of the walk 
along the unprotected shore. A similar but more extensively shell encumbered 
shore line was also observed beyond the north end of the Cape May board 
walk. Thse shell assemblages included Ostrea virginica, Pecten irradians, 
various other large and small bivalves and the large gastropod Fulgar caricum 
usually six to eight inches in length and the largest shell north of Cape Hat- 
teras. These considerable masses of shells many of them broken had been 
left on the upper half of the beach. On the half mile or more of beach be- 


tween them shells were rather scarce, as they were on the shore in the vicinity 


of Cape May light house. 


Beach gradient, relative abundance of molluscan life on the adjacent sea 
bottom and wind velocity are among the important factors which result in 
extensive beach shell deposits in one place and sparse deposits or none in others. 


These shell assemblages, the product apparently of a single great storm 
affords some intimation of the manner in which the cemented shell fragments 


Fig. 1A. Low dune ridge subject to wave erosion near Cape May. The decayed 
oak piling is seen in the foreground. 


Fig. 1B. A sheet steel groin showing a thin veneer of sand and pebble conglomerate 
which has its maximum development in the angles of the structure. Sea shells are 
included by the conglomerate near point of arrow. 


A 
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comprising the Coquina beds at St. Augustine, Florida probably originated. 
C. W. Johnson,” a resident observer at St. Augustine, Florida, has shown 
that great changes occurred in the development of the foreshore in the vicin- 
ity of the well-known coquina beds* on Anastasia Island near St. Augustine 
during the decades betwen 1883 and 1919. A hooked sand spit a mile in 


Fig. 2A. Angular mud boulders enclosing numerous sea shells at Great Egg Inlet 
southwest of Atlantic City. A small rounded mud ball is seen just above the hammer. 


length was converted during this period into an island three quarters of a mile 
in length through removal of the basal portion of the spit. The sequence of 
events on the south side of the St. Augustine inlet, which preceded during a 
long and unrecorded period extending into the Pleistocene the changes shown 
by Johnson’s maps,” appears to have included the building by successive 
storms of the partially consolidated coquina beds now being eroded and a con- 
cordant protecting spit, the two developing northward along the northeastern 
shore of Anastasia Island. Following that stage came the cutting down of the 
spit into an island,—a consequent probably of a southerly migration of the St. 
Augustine ‘inlet. With the reduction of the protecting spit and lagoon of the 
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eighties, erosion of the coquina beds intervened and replaced the development 
which earlier stages of the spit had fostered. 


SAND DEPOSIT 


South of the Cape May board walk half a mile two houses built at the 
edge of the unprotected beach were pretty badly wrecked by the waves of the 
big storm. (Fig. 3B). A chair removed from one of them during the storm 
to a point about 100 yards from the ordinary high tide shore line gave a 
record of the considerable amount of sand deposited during the storm on part 
of an area which is ordinarily slightly above high tide. As shown by the 
photograph one side of the chair was buried up to the seat. (Fig. 3A) More 
than half an acre which lies landward of the ordinary reach of waves was 
covered during the storm with a sand deposit approximating a foot in thick- 
ness. The area of this deposit of a single storm was formerly protected by 
a low dune ridge a remnant of which is shown together with some of the 
decayed piles which once shielded it from wave cutting. (Fig. 1A). 


Examples of rapid deposition of water laid-sand such as this on land above 
ordinary high tide level enable one to visualize the probable conditions under 


Fig. 3A. Water laid saad partially burying chair removed from house in Fig. 3B. 
Fig. 3B. House wrecked by storm waves near Cape May during September hurri- 
cane 1936. 


‘ 
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which Carboniferous lepidodendroid trees like those of the Joggins section in 
Nova Scotia and the whetstone quarries of S.W. Indiana? may have been 
buried and preserved in the upright position in which they grew. A Carbon- 
iferous storm comparable with the recent hurricane which swept the New 
Jersey coast might have partially buried standing trees growing slightly above 
sea level as easily as this recent storm piled sand about the legs of a chair. 
When Coal Measure and Pennsylvania forests grew on low Atlantic coastal 
plains, hurricanes were possibly as common a phenomenon as they are at 
present. The burial and preservation of many fine examples of these tree 
trunks in a standing position through the agency of great storms seems to the 
writer more probable than burial as a result of rapid land subsidence because 
of the very slow operation of the latter under ordinary conditions and the 
consequent probability of the complete decay of standing trees before this pro- 
tection through subsidence could intervene. While the writer? once subscribed 
to the rapid subsidence theory it now seems to him improbable in view of the 
considerable movement of water-laid sand which a single storm can deposit 
above ordinary high tide level. 


The problem of the burial of the successive forests preserved in the Joggins 
section puzzled Lyell,® but he suggested that “the formation of low islands 
off the shore breaking the force of the Atlantic, has probably allowed many 
of these trees near the mouths of estuaries to continue erect under water until 
they were silted up and preserved” through “repeated subsidences.” The oper- 
ation of subsidence in the Bay of Fundy region appears to be still in progress19 


but acting so slowly that changes representing a century or more supply the 
only convincing evidence. 


Lyells own observations showed, however, that the sediments which encased 
the fragile outer shell or bark of the Joggins tree trunks was discordant or 
entirely unlike the sediment inside the fossil trunks. This contrast between 
the inner and outer sediments indicates different dates for the two sets of 
deposits, the inner representing silting up of the hollow trunk after the nearly 
complete decay of the part inside the bark of the tree. Partial burial of tree 
trunks in situ while living, by exceptional storms, followed by decay of the 
interior could occur with little chance of the trunks being overturned during 
the subsidence period which eventually brought successive forests below sea 
level in the Joggins basin. Filling of the cavity left by decay of the interior 
could then follow, the later interior sediments necessarily contrasting with the 
enclosing sediments. 


CONGLOMERATE FORMATION 


Removal by the storm of three or four feet of the sand and gravel accre- 
tions from the sides of the steel piles and bulkhead (Fig. 1B) on the west 
side of Cape May south of the old wrecked cement ship revealed an inter- 
esting example of recently formed conglomerate which is strongly cemented 
by oxide of iron. Disintegration of the sheet steel piling, which has a thick- 
ness of about one inch, is proceeding under the action of sea water through 
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Fig. 4. Quartz pebble and sand conglomerate developed on sheet steel piling (top) and samples of 
outer layers into which the steel disintegrates. From steel groin Cape May, N. J. (Natural size). 
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the outer part of the steel developing three to four flat layers of rusty steel 
which can readily be pried off like the layers of an onion. The regularity 
of the flat steel plates reminds one of a laminated sediment (Fig. 4). The 
access which they give salt water to the interior of the outer part of the steel 
must hasten the chemical disintegration of the steel and may give it even a 
shorter life than the 30 to 50 years estimated by one engineer* for steel piling 
used for shore protection around the Great Lakes. This disintegration is con- 
temporaneous with the building up of a thin irregular sheet of quartz pebble 
and sand conglomerate on the sea faces of the groins.** The arrow (Fig. 1B) 
indicates a patch of the conglomerate which includes some sea shells. It is 
very probable that cultures of bacteria are essential factors in the development 
of the conglomerate on the steel. A. T. Stuart!1 has noted that the corrosion 
of iron at 50°C. is much greater than at 60°C. and infers that cultures of 
bacteria or algae responsible for the corrosion “thrive better at a medium tem. 
perature” and consequently attack the iron more vigorously at 50°C. than at 
60°C. Since this type of steel piling has been used only in recent years for 
shore protection it supplies an example of the most recently formed conglom- 
erate which has come to the writer’s notice. Conglomerate recently formed in 
fresh water has been observed in Lake Erie.5 The ultimate result of the dis- 
integration of the sheet steel groins at Cape May will probably be their trans- 
formation in the course of forty or fifty years into dike like vertical sheets of 
conglomerate of somewhat irregular width. 


Mup AND PEAT BOULDERS 


The chunks of clay or silty mud and peaty material observed during two 
visits to the New Jersey and Maryland coasts include specimens ranging in 
size from a few inches up to three feet or more in diameter. The smaller 
specimens are commonly well rounded, while the larger ones ar apt to be 
angular,—their size and weight forbidding much of the rolling about essential 
for rounded outlines. A well ruonded specimen is shown above the hammer 
resting on a large mud boulder of the angular type. (Fig. 2A). 

At Ocean City, Maryland, a dune ridge 8’ to 12’ high south of the bath- 
ing beach faces the sea with a steep face which is in places breached by spill- 
ways through the dune ridge. In front of the spillways where the heavy 
surges dissipate their energy by rushing through during great storms numer- 
ous blocks of peat were observed on the beach sand. Some of these wete 
small and others up to 1’ x 3’. These slabs of peat were evidently broken 
loose from an old peat bed below low tide level in front of the beach which 
had probably formed in a lagoon once protected by a low sand ridge later 
removed by erosion or migration of an inlet. Inspection of Lucke’s chart® 
showing the wanderings of Barnegat Inlet during the last century, will indicate 
the great shifting about of the relative positions of land and lagoon bottom 


* Letter from W. L. Morrison, Supt. State Park and Harbour Commission, Erie, 
Pa., to W. R. Rogers. 
** LE. Miller, Jr., city consulting engineer of Cape May states that the groins of 


steel sheet piling have “possibly been built about eight years.’ Letter of 
April 17, 1937. 
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which may take place without any great change in the general location of the 
shore line or subsidence of the land. These wave excavated remnants of an 
old peat bed may also be interperted in another way. Their presence on a 
sandy beach facing the sea may be regarded as a feature of a subsiding shore 
line and a transgressing sea. They readily fit into a diagrammatic illustration 
of the theoretical history of a marginal salt marsh of the New England type 
as portrayed by J. Brook Knight® in his graphic diagram showing an encroach- 
ing sea extending landward the conditions for forming successively three types 
of peat and a top layer of silt. 

Numerous rounded clay balls ranging from 9” to 10” in diameter were 
seen at Cape May a half mile east of the east end of the “board walk.” Most 
of these were overlaid by silty beds at the top of the beach where erosion was 
in progress. 

At Great Egg Inlet a few miles southwest of Atlantic City, boulder like 
masses of tenaceous lagoon clay bound firmly together by salt grass roots were 
seen widely scattered over the flat surface of a lagoon island. Many of them 
showed numerous common sea shells embedded in boulders. Naticas and 
other shells are near the surface on the top of the boulder with the hammer. 
(Fig. 2A). These recent fossils do not represent a veneer of shells attached 
to the surface by rolling about. They have clearly been entombed in the sedi- 
ments as they were laid dwon near the shore of the inlet or bay. From the 
original bed these mud boulders have apparently been separated by under- 
cutting of currents in lagoon channels and the lifting power of waves. 

These boulders with their enclosed shells if protected from disintegration 
by the silting up of the flat plain on which they lie and subsequent subsidence 
and sedimentation would have much the same history and relations to associ- 
ated beds as certain boulder like masses in the Ithaca shales of the Tiougnioga 
river valley in southern New York. Boulder like masses, enclosing fossils and 
discordant with the associated beds observed in this region by the writer near 


East Virgil and Messengerville, N. Y., are probably Devonian mud balls. 
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Cambrian Calcareous Algae from Pennsylvania 
Carroll Lane Fenton and Mildred Adams Fenton 


Through the kindness of Professor Richard M. Field, we have been able 
to study a series of fossil calcareous algae from Upper Cambrian strata of 
eastern Pennsylvania. They have been supplemented by specimens from the 
region of State College, Pennsylvania, collected by Doctors B. F. Howell and 
Frank M. Swartz. 


These series contain four distinct forms of algal colonies, or deposits. The 
partly dolomitized specimens do not show whether the original material was 
finely clastic sediment entrapped by gelatinous coverings of the algae, or was 
precipitated because of algal life processes.1 There also is no indication as 
to how many species may have cooperated in the production of each colonial 
form, though they probably were several. Despite this probability, we recog- 


nize them as form-species, for these reasons: 


1. The colonial forms are sufficiently stable to permit recognition and 
description. Though the result of symbiotic or commensal growth, 
each may for practical purposes be compared with species of lichens, 
which are not the less recognizable because they include both algae 


and fungi. 


2. Experience has shown that growth- or form-species of calcareous 
algae are valuable as index fossils. 


3. Use of provisional form-species as index fossils will increase the 
now scanty data on distribution, mode of occurrence, variation and 
habitats, thus permitting final description and interpretation. 


One of the four species, Cryptozoon undulatum Bassler occurs in the 
Upper Cambrian Warrior Limestone, as well as in the overlying Allentown 
and the Hoyt. Other species apparently are restricted to the Hoyt and 
Allentown (or Conococheague), whose stratigraphy has been discussed by 
Hills.2 


Cryptozoon proliferum fieldii var. nov. 


Crvptozoon proliferum Hall. Bassler, Maryland Geol. Surv., Camb. and Ord., p. 189, 
pl. 28, fig. 1.—Miller, Pa. Geol. Topog. Surv., 4th <cr., Bull. M 20, pls. 8, 14, 
1934, 


1 Black finds both types of lime in the algal masses of Andros Island, which are 
among the too few modern algal deposits examined by a geologist interested 


eee See Phil. Trans. Royal Soc. London, ser. B, 222 :165-192, 
1933. 


2 Jour. Sed. Petrology 5:123-132, 1935. (Especially p. 124.) 
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Description —Colonies irregularly columnar, bell-shaped or abruptly con- 
vex; isolated or linked with other colonies by laminar expansions which seem 
to arise only after an initial convex mass is formed. In some cases, colonies 
are distinct above this expansion; in others (including the holotype) they 
unite and again divide. Diameters range from 30 to 160 mm. 


Fig. 1. Cryptozoon-proliferum fieldii var. nov. Natural section through the holotype; 
S indicates red sediment overlying the algal biostrome. x 0.5. (24,000 Princeton Uni- 
versity.) 


Remarks.—This seems to be the Cryptozoon generally referred to in dis- 
cussions of upper Cambrian rocks of Pennsylvania and New Jersey, and men- 
tioned as a reef-builder. So far as scanty data on occurrence indicate, these 
“reefs” are biostromes 10 to 40 inches thick, uniform and continuous over 
considerable areas. In the holotype, this biostrome is 90 to 100 mm. thick; 
its upper surface is an erosion surface which truncates the algal colonies and is 
capped by brown and red, sandy micaceous argillite. Analogy with algal 
biostromes in the Cambrian of the Rocky Mountains suggests subaqueous 
rather than subaérial erosion. Dolomite beneath the algae is finely but indis- 
tinctly laminated. 


Occurrence.—Lower Allentown formation: Limeport, near New Hope, 
Bucks County, Pennsylvania (type locality). Miller illustrates specimens 
from several other localities in Pennsylvania. 


Holotype.—24,000, Princeton University. 
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Cryptozoon undulatum Bassler 
Pl. 1, Figs. 1-2 


Crvptozoon undulatum Bassler, Maryland Geol. Surv., Camb. and Ord., p. 190, pl. 29, 
figs. 2-3, pl. 30, 1919. 


Description—This species apparently begins as undulant, mammillose 
laminae which spread in sheets upon lime-mud sea bottoms. Above this basal 
zone, colonies break into distinct or confluent domes and columns 20 to 50 
mm. high and 8 to 50 mm. in diameter, and variably oriented. Diameters 
within a single layer of columns vary considerably; some columns are com- 
pound, consisting of 2 to 4 columns of various sizes, united by expanded 
upper laminae. In some cases, columns divide or are greatly reduced in size; 
others indicate cessation of growth with deposition of sediment, followed by 
growth of new domes. Domes and columns unite at various levels, becoming 
mammillose laminae which either truncate the colonies or again divide. 


Remarks —Specimens from the Warrior do not show the uniform zones 
found by Bassler in Maryland algae of Conococheague (Allentown?) age, 
but display all other characters of C. undulatum. Apparently division and 
union, or loss of distinct lamination in a median zone, are characters deter- 
mined by physiologic and environmental conditions. 


Occurrence —Warrior formation, near Waddle, Pennsylvania; hypotypes 
were collected on State College-Phillipsburg highway, about one mile south- 
west of Waddle. Butts and Moore? find the species in the upper two members 
of the formation. Bassler records the species from the Conococheague (Allen- 
town) at Funkstown and Sheepsburg, Maryland and near Reading, Pennsyl- 
vania; also the Hoyt near Saratoga Springs, New York. 


Hypotypes.—24,003-24,005, Princeton University. 


Dolatophycus gen. nov. 
Dolatus, tooled; phykos, sea plant. 
Genoholotype: Dolatophycus expansus sp. nov. 


Description—Colony prostrate, expanded, consisting of fine flexuous 
laminae which rise in gently convex domes separated by more abruptly con- 
vex, subangular or flattened furrows. Basally, the convex domes are smaller 
than they are at the surface. 


Dolatophycus expansus sp. nov. 
P]. -2, Figs. 1-2 


Description —Expanded colonies whose surface consists of oval, elongate 
or subcordate elevations 50 to 110 mm. in maximal diameter; one elevation 
91 mm. in width is 34 mm. wide, while another measures 54 by 44 mm. 
Channels are 4 to 10 mm. deep. Basically, elevations are half to one-third 


3 U. S. Geol. Surv. Bull. 855:13, 1936. 
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their surface size, indicating that two or more unite during growth. Laminae 
number 14 to 22 in 5 mm.; they are indistinct and variable in thickness, though 
dark (carbonaceous) bands generally are thinner than those of dolomite. 


Occurrence.—Allentown formation: Raubsville (type locality) Northamp- 
ton County; Riegelsville and Limeport, near New Hope, Bucks County, Penn- 
sylvania. 


Holotype.—24,006; Paratype —24,007, Princeton University. 


Anomalophycus, gen. nov. 


Anomalos, irregular; phykos, sea plant. 


Genoholotype: Anomalophycus compactus sp. nov. 


Description—Colony prostrate, expanded or formed by union of small 
columnar colonies. Laminae flexuous to mammillose; irregularly convex within 
columnar units. Growth-form varies at different levels of one colony, since 
mammillae and columns divide, unite and fuse into flattened masses. 

Remarks.—In addition to the type species, of Cambrian age, this genus 
apparently includes the following Chazy forms, described as Stromatocerium 
by Seely in his paper on “The Stromatoceria of Isle La Motte” (Rep. State 
Geol. Vermont, 4:144-152, 1904) : 

Anomalophycus eatoni (Seely) comb. nov., p. 146, pl. 71; pl. 74, fig. 2: 
Isle La Motte, Vermont. 

Anomalophycus lamottensis (Seely) comb. nov., p. 147, pl. 72: Isle La 
Motte, Vermont. 

Anomalophycus lamottensis chazianus (Seely) comb. nov., p. 148: Basin 
Harbor, Appletree Point and South Hero, Vermont; New York. 


Anomalophycus compactus sp. nov. 
Pl. 3, Figs. 1-2 


Description Expanded, columnar and united colonies consisting of flex- 
uous laminae which number 5 to 12 in 5 mm. and in some cases number 2 in 
0.5 mm. They are alternately carbonaceous and dolomitic and vary greatly 
in thickness. Their development is best shown in the holotype, at whose base 
the laminae are continuous, though abruptly flexuous. Above the base they 
divide into columnar colonies 11 to 30 mm. in diameter; one of these again 
divides. At heights of 28 to 42 mm. the columns again fuse, producing 
irregularly depressed bodies 23 to 51 mm. in diameter. The paratype con- 


sists of short columns and mammillose laminae. 


Occurrence.—Allentown formation: Portland, Northampton County, 
Pennsylvania. 


Holotype.—24,009; Paratype.—24,010, Princeton University. 
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Plate 1: Figs. 1-2—Cryptozoon undulatum Bassler. (1) Transverse section through 
a series of domes of several sizes. x 0.9. (24,003 Princeton University.) (2) Vertical 
section through the hypotype, showing mammillae, laminae, columns and domes. x 0.9. 


(24,004 Princeton University.) 
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Plate 2: Figs. 1-2—Dolatophycus expansus sp. nov. (1) Upper surface of the 
holotype. x 0.5. (24,006 Princeton University.) (2) Vertical section of the paratype. 
x 1. (24,007 Princeton University.) 
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Plate 3: Figs. 1-2—Anomalophycus compactus sp. nov. (1) Upper surface of the 
paratype. x 1. (24,010 Princeton University.) (2) Vertical section of the holotype. 
Light areas sediment. x 1. (24,009 Princeton University.) 
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Some Devonian Auloporoids from the Ohio Valley 


Vladimir J. Okulitch 
The five species here described were figured by Davis in 1887. The type 


specimens, with the rest of the Davis collection, are now at the Museum of 
Comparative Zoology of Harvard University. The descriptions here pre- 
sented will be published at a later date as a part of the Illustrated Card Cata- 
logue of Devonian Fossils. This work was done in the course of research 
carried under a grant of the Carnegie Fellowships Board of the Royal Society 
of Canada. I wish to thank Professor Percy E. Raymond for permission to 
work on the Davis collection. 


Aulopora culmula Davis 
Davis, W. J. Kentucky Fossil Corals, pt. 2, pl. 73, fig. 9. 


The holotype of this species attached to Favosites clausus has been broken 
off and lost. A new type was selected by the author and is here described and 
figured. 


Corallum creeping, attached by the whole of its lower surface, branching at 
regular intervals. The apertures of the corallites are of the same or only 
slightly greater diameter than the prostrate portions and are from 0.5 mm. to 
0.8 mm. in diameter. Tubes 3 mm. to 4 mm. long. New buds are usually 
given off alternately to left and right, producing a zig-zag stem, but in some 


Fig. 1. Aulopora culmula Davis. Neotype, x 2. 
Fig. 2. Aulopora culmula Davis. Hypotype, x 2. 


the left and right budding is simultaneous. The corallites are circular in cross- 
section, faintly corrugated on the exterior and apparently smooth inside. Com- 
plete silicification has obliterated all details. 
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Aulopora culmula resembles A. subtenuis Hall (Lower Helderberg, N.Y.) 
but differs in having corallites of smaller diameter, which branch to left and 
right and not to one side only, and whose exterior is not strongly corrugated. 


Type Locality: Falls of the Ohio, East Louisville, Ky., Clark County, 
Indiana. 


Occurrence: Middle Devonian, Ohio Valley. 


Aulopora procumbens Davis 
Davis, W. J., Kentucky Fossil Corals, pt. 2, pl. 73, figs. 12-13. 


Prostrate, branching tubes, attached by the whole of their lower surface. 
Apertures are vertical and abruptly expanded. Tubes 10 mm. to 15 mm. 
long, 2 to 3 mm. in diameter; apertures 5 mm. to 6 mm. in diameter, 3 to 4 
mm. above the level of attachment; walls 0.5 mm. to 0.6 mm. thick. 


Exterior: Tubes in some instances longitudinally striated or carinated, one 
of the carinae frequently more prominent than the rest and appearing as a 
longitudinal ridge; small tubercles are preserved in spots; transverse rugae are 
fine and much less noticeable than the longitudinal ridge. Vertical portions 
of the corallites are rugose, the rugae either undulating or concentric about 
local centres. This feature is probably due to peculiar secondary crystallisa- 
tion. New buds grow in pairs from under an aperture, making an angle of 


about 60°. 


Interior: Numerous, fine, vertical striae or rows of spinules are seen in the 
vertical portion of the corallites. Funnels and cysts seem to be present, but 
complete silicification causes some uncertainty concerning these structures. 


Affinities: The species is probably transitional between Aulopora, Aulo- 
caulis Fenton and Fenton, and Ceratopora Grabau. From Aulocaulis it differs 
in the presence of cysts and funnels and a longitudinal ridge; from Ceratopora 
by being attached by its entire lower surface. 


Type Locality: Near East Louisville, Kentucky. 
Occurrence: Middle Devonian, Ohio Valley. 


Romingeria fasciculata Davis 
Davis, W. J., Kentucky Fossil Corals, pt. 2, 1885, pl. 75, figs. 14-16, 18. 


Dendroid fasciculate coralla, composed of tubular corallites branching at 
irregular intervals. Corallites stay in contact with each other for the greater 
part of their length and are then deflected from the central axis of the coral- 
lum. Apertures open obliquely to the surface. Epitheca of each corallite is 
distinct. Length of individual tubes varies between 7 mm. to 10 mm.; diam- 
eter of apertures varies from 1 mm. to 1.7 mm., and equals or only slightly 
exceeds the diameter of the tube. The average size of coralla is about 30 mm. 
high. The exterior of the tubes is annulated by striae of equal strength, about 
four occurring in the space of 1 mm. 
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Details of structure are obscured by complete silicification. Mural pores 
are not definitely recognisable, but probably present. Tabulae are doubtful, 
and probably are flat and remote. The interior of the tubes appears to be 
perfectly smooth and no septal spines have been observed. 


Differs from Romingeria umbelifera in the mode of branching, there being 
no definite umbellate verticils, the corallites branching more or less contin- 
uously. 


Type Locality: Falls of the Ohio. 
Occurrence: Niagara and Middle Devonian, Ohio Valley. 


Romingeria uva Davis 
Davis, W. J., Kentucky Fossil Corals, pt. 2, 1885, pl. 75, figs. 6-7. 


Dendroid, fasciculate coralla, made of rapidly branching cornute corallites. 
A single stem may suddenly give rise to a verticil of about thirty corallites, or 
produce a continuously branching, gradually expanding corallum. 


The tubes are closely contiguous throughout their length, deflected only 
near the apertures and slightly flattened. The apertures open obliquely to the 
surface and are somewhat constricted. The length of individual corallites is 
from 3 mm. to 5 mm., the diameter of apertures is about 1 mm. The coral- 
lum is up to 25 mm. high, either independent or attached to some support, as 
is shown on fig. 6. Complete silicification obscures details of structure; mural 
pores and septal spines have not been observed. Some corallites show in the 
interior cysts or remnants of curving tabulae, but poor preservation makes 
these structures doubtful. The exterior of the tubes is annulated; the annula- 
tions are not quite uniform, about three occurring in the space of 1 mm. 


The species differs from Romingeria umbellifera in smaller size of tubes, 
and shape of corallum. 


Type Locality: Falls of the Ohio and East Louisville, Ky. 
Occurrence: Niagara and Middle Devonian, Ohio Valley. 


Vermipora incrustans (Davis) 


Romingeria incrustans: Davis, W. J., Kentucky Fossil Corals, pt. 2., 1885, pl. 73, figs. 
2-4; pl. 74, fig. 5; pl. 75, fig. 17; pl. 76, fig. 2. 


Corallum fasciculate, ramose or dendroid, incrusting corals and bryozoa. 
Tubes long, cylindrical or slightly flattened, with well defined epitheca, up to 
10 mm. long and 1.2-1.8 mm. in diameter. Tubes branch from each other 
or form a system of prostrate basal stolons, forming ramose expansions of im- 
bricating corallites. With few exceptions each tube starts growing in a recum- 
bent position attached by its side, then suddenly turns up, the corallum re- 
sembling “a vertical aggregation of Aulopora tubes.” The vertical portions of 
the tubes are broken from many specimens. The exterior of the tubes is 
smooth or indistinctly annulated. In the interior of some of the corallites thin 
short spines can be observed. Mural pores and tabulae are uncertain. 
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The coral is not a Romingeria, since new buds are not arranged in umbels 
or verticils. It most resembles Vermipora robusta Hall, from which it differs 
in size of corallites and a more expanded corallum. In his recent paper 
Werner* considers Romingeria incrustans to be a Drymopora. With this I 
can not agree, as the species under question definitely lacks cysts characteristic 
of both Drymopora and Ceratopora, and secondly the corallites are attached 
not only at the base but in many cases by their sides as well. 


There are objections to the synonymy of Drymopora Davis with Cerato- 
pora Grabau, also suggested by Werner. Tubes in Drymopora appear to 
grow contiguously with each other, either at intervals or throughout their 
length, or at least are connected by means of solenia somewhat resembling 
those of Syringopora. In some cases the epitheca of one corallite fuses and is 
continuous with the epitheca of its neighbor, thus becoming a holotheca. The 
few specimens in the Davis collection labelled Drymopora which do not show 
these features probably do not belong to this genus. In Ceratopora the coral- 
lites are entirely independent of each other. Cysts of Ceratopora appear to 
be much better developed. On the whole it is perhaps better to keep these two 
genera apart, though their close relationship can not be denied. 


* “Synonymy of the Mid Devonian tabulate corals of the Falls of the Ohio,” 
Contr. in Geology, Washington Univ. Studies, n.s. Science and Technology 
9:61, 1936. 
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Trilobite "Nests" and Feeding Burrows 


Carroll Lane Fenton and Mildred Adams Fenton 


Though it generally is agreed that burrows and fillings of the form-genus 
Cruziana d’Orbigny represent the work of trilobites, evidence of their’ func- 
tional significance is scanty. This paper describes burrows of Lower Cambrian 
age which suggests that some types of Cruziana were burrows dug for the 
reception of eggs, while others were dug during feeding. Since the structures 


Fig. 1. Cruziana jenningsi sp. nov. Lateral view of two fillings (holotype), showing 
marks made by the edge of the cephalon, spines of the third abdominal segment, and 
spines of other segments. Anterior portion at left. posterior at right. x 0.6. 


Fig. 2. C. jenningsi sp. nov. Ventral view of the holotype, showing marks made by 
bunched legs and spines of posterior body segments. x 0.6. (National Museum of 


Canada.) 
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are constant in character and seem to be the work of different genera of 
trilobites, they receive specific distinction. 


Cruziana jenningsi sp. nov. 


Description—The holotype consists of two sand fillings of excavations 
dug in mud. Dimensions are: width 54 and 57 mm.; length 78 and 72 mm.; 
depth 50 and 45 mm. The median furrow (a ridge in the actual burrow) is 
a broad V in the longer filling and a broad U in the other; it ranges from 1 
to 5 mm. in depth and 12 to 15 mm. in width. Sides and anterior walls of 
the fillings are almost vertical. Sides of the longer filling bear a conspicuous, 
almost vertical ridge, less distinct in the other filling. Near these ridges, the 
transverse ridges curve gradually or abruptly; anteriorly, they become gently 
convex toward the original surface. The posterior portions of the fillings are 
marked by ridges which number 5 to 7 in 5 mm.; near the apices they are 
strong, high and number 4 in 5 mm. Variations in direction of ridges are 


shown by Figs. 1 to 2. 


Fig. 3. Olenellus, restored as in the act of digging the right-hand burrow of 
Cruziana jenningsi sp. nov. Broken line shows final depth of burrow. 


Origin and Use.—Cruziana jenningsi appears to have been dug by a tri- 
lobite of the genus Olenellus, which occurs in the St. Piran Formation, over- 
lying the Lake Louise “shale.” The anterior portion of each filling bears 
ridges which seem to represent impressions made by a cephalon, pushed for- 
ward and from side to side. Nearly vertical furrows probably were dug by 
genal spines as the cephalon was swung laterally and downward. Posterior 
to this are furrow-fillings which match the large spines of the third abdominal 
segment. After these come fine ridges, which correspond to furrows dug by 
other abdominal spines. They show clearly on the posterior ventral surfaces, 
though marks made by legs, bunched into groups, dominate the antero-ventral 
region. The right-hand burrow (Fig. 2) shows a mark that may have been 
made by a telson. 
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These burrows were dug in plastic, micaceous black mud. Their regu- 
larity, symmetry and depth are inconsistent with functions of feeding; the 
fact that there are two burrows indicates that they are not accidental. They 
may be compared with the burrows that the modern Limulus digs in sand, 
as receptacles for its eggs. Limulus burrows collapse; the plastic mud in which 
the Carhbrian burrows were dug allowed them to be preserved, along with 
many drag-marks, pits, tubes and trails. 


On this hypothesis, a “ripe” Olenellus dug its burrow in the mud, using 
its cephalon as a plow, and pushing with its bunched abdominal legs. As the 
hole deepened, the animal alternately pushed into the mud and passed ex- 
cavated material out beneath its body; in the latter action the legs may not 
have been bunched. After the burrow was completed and eggs were deposited, 
the animal crawled or swam—apparently backward—from the excavation. 


The eggs were not covered by mud; that is indicated by the sharpness of 
the marks on the sand fillings. Those fillings, plus rhythmic alternations of 
quartzite and shale throughout the Lake Louise formation, suggest that the 
burrows were dug during a time of spring floods, when much sand was being 
brought to the basin. If so, there may have been sand on the mud when 
digging started, and an ample supply of it available to cover the eggs and 
begin filling the burrows. Other specimens also suggest correlations between 
organic activity and seasonal sedimentation during the Lake Louise, St. Piran 
and Mount Whyte epochs, though only careful study can establish them. In 
these burrows, however, probability is so strong that it merits statement. 


Occurrence—Under surface of brown, symmetrically ripple-marked 
quartzite presumably from the Lower Cambrian Lake Louise “shale.” Moraine, 
eastern slope of Mount Assiniboine, west of Lake Gloria, Alberta. 


Holotype.—National Museum of Canada. Collected by Major P. J. 
Jennings, 1933. 


Cruziana irregularis sp. nov. 


Description.—Specimens consist of sand fillings of excavations in mica- 
ceous mud. These fillings form irregular domes and nodules whose dimensions 
ate indicated by the following: width 46, 52 and 73 inm.; length 75, 53.5 and 
120 mm.; depth 39, 37 and 38 mm. The median furrow is very broadly U- 
shaped and 3 to 7 mm. deep. Anterior walls are sloping to recurved; side 
walls show no distinct ridge. Fillings bear rounded to angular ridges which 
number 2 to 6 in 5 mm. and are separated by wide furrows. In many cases, 
low ridges are spaced between high ones. 


Origin and Use.—As its name implies, Cruziana irregularis is less uniform 
than the burrow-fillings termed C. jenningsi. Only one burrow was sufficiently 
distinct to have served as an egg-receptacle, though all burrows were dug in a 
matrix virtually identical with that of C. jenningsi. Differences in size, coarse- 
ness, number and angularity of markings suggest that the excavations were 
made by a larger trilobite than that which made C. jenningsi. It lacked 
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greatly enlarged spines on the third abdominal segment, but had a greater 
number of segments and spines in the posterior portion of the body. In short, 
it probably was a Mesonacis, whose body characters conform to these markings. 

If the deepest burrow is a nest, its markings imply great irregularity of 
digging movements. They show twisting from side to side, and a change of 
30 degrees in the direction of digging. These movements produced an excava- 


- 


Fig. 4. Cruziana irregularis sp. nov. Feeding burrows of trilobites, probably Meson- 
acis. The structure beneath the arrow may be a nest. x 0.4. (46,974 Princeton Uni- 


versity.) 


> 
q 


450 THE AMERICAN MIDLAND NATURALIST 


tion from which the trilobite could have escaped by either forward or back- 
ward movement. A film of mud was deposited before sand filled the de. 
pression. 


Except this one burrow, these excavations were broad, shallow and widely 
open to the water. Discounting superior preservation, they closely resemble 
furrows dug by Limulus when it plows along the sea bottom, seizing and de. 
vouring annelids. This explanation for comparable traces in the Middle Cam. 
brian Tapeats sandstone of Grand Canyon National Park was suggested by 
Walcott,! who called attention to the need for interpretive studies of Paleozoic 
trails and burrows. 

The layer beneath the holotype of C. irregularis appears to have been 
worked and reworked by mud-dwelling organisms. Its surface was covered 
by markings made by the bunched feet of trilobites of several sizes, moving in 
many directions. There also are deep, trails which perhaps were made by 
snails, and burrows which probably were dug by annelids. This abundance 
implies a plentiful flora and fauna in the mud itself. C. irregularis apparently 
represents the efforts of Mesonacis to avail itself of the animal food supply 
as well as (perhaps) to deposit eggs. 


Occurrence-—Lower Cambrian, Lake Louise “shale.” Head of Lake Louise, 


Banff National Park, Alberta. 
Holotype.—46,974, Princeton University. 


Cruziana navicella sp. nov. 


Description —The holotype consists of two confluent excavations in mica- 
ceous mud. They are irregular in outline, as indicated by Figs. 5 to 6; the 
anterior wall of the forward burrow overhung by about 20 mm. The fillings 
bear rounded to subangular ridges 0.6 to 1.3 mm. wide, which show uniformity 
of direction only in limited areas. Depth of the burrow is 40 mm., greatest 
width 42.5 mm.; total length of deep portions 69 mm. 


Origin and Use.—The depth of these burrows, and the extent to which 
they formed a “pocket” in the mud, suggest that they were dug to receive 
eggs. Irregularity of leg-markings, which indicate that the trilobite turned as 
much as 70 degrees while digging, suggests feeding. In any case, they imply 
an animal with very flexible body, which moved in such a way as to dig a 
burrow much wider than itself. Association of markings suggests that it may 
have been a small Mesonacis, but the character of the burrow is such that it 
cannot well be included in C. irregularis. 


Occurrence.—Lower Cambrian, Lake Louise “shale.” Head of Lake Louise, 


Banff National Park, Alberta. 


Holotype—46,975, Princeton University. 


1 Smithsonian Misc. Coll. 67:174, pls. 39, 41, 1918. 
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Fig. 5. Cruziana navicella sp. nov. Vertical section of burrow. x 0.6. 


Fig. 6. Cruziana navicella sp. nov. Ventral view of the holotype. x 0.6 (46,975 


Princeton University.) 
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Olivellites, a Pennsylvanian Snail Burrow 


Carroll Lane Fenton and Mildred Adams Fenton 


While examining trails, burrows and cemented tubes in Elkhorn Slough, 
a tributary of Monterey Bay, California,! we found numerous individuals of 
the snail, Olivella biplicata Sowerby, feeding beneath the sand. In so doing 
they left contorted, gently convex elevations with a sharp ridge down the 
center and indistinct transverse wrinkles. The convex elevation was produced 
by the shell as a whole; the central ridge by the long siphon, which extended 
upward to the water. The transverse wrinkles, which were concave forward, 
appeared to result from side-to-side movement of the shell. The point could 
not be determined by digging, since water obscured all marks if the loose 
sand was disturbed, but it appeared that these wrinkles must be represented 
by a series of irregular vertical layers in the sediment pushed behind the 
moving snail. The whole structure resembled the Spongeliomorph, Cylin- 
drites, discussed by Rieth,? or the reverse of “Cruziana” casts recently illus- 


trated by Hadding.®. 


A few weeks later, we collected from the Pennsylvanian Brazos River sand- 
stones on U. S. Highway 80N west of Millsap, Texas. Among the abun- 
dant trails and burrows found was one which matched in character and size 
the Olivella markings of Elkhorn Slough. Though the resemblance to Cruziana 
persisted, the specimen (now in the collection of Texas Christian University) 
was found in place, with markings on the upper surface of a thin stratum of 
fine-grained sandstone. They, therefore, are the reverse of Cruziana. 


Professor F. B. Plummer collected the specimen of Figure 1 from the 
Cisco (Pennsylvanian). Its markings are burrows; they compare so closely 
with those in the Brazos River sandstones that they may be considered the 
work of shelled snails whose habits were those of the scavenger, Olivella. Be- 
cause such burrows appear to be undescribed, and because of this unique char- 
acter, we consider the Cisco specimen worthy of generic and specific distinction. 
The Brazos River specimen, being poor, is not named. 


Olivellites gen. nov. 


Genoholotype: Olivellites plummeri sp. nov. 


Description Burrows of an unknown shelled and presumably scavenging 
snail inhabiting sandy shallows. The main burrow is filled by sand in com- 
pressed, roughly vertical layers which are concave anteriorly and show either 


1 For a general description of this estuary and its biology, see G. E. MacGinitie, 
this journal, 16(5) :629-765, 1935. 
2 Geol. Pal. Abh. n. f. 19(4) :32, 1932. 
3 Pre-Quaternary Sedimentary Rocks of Sweden, 3:42 ff.. 1929. (Med. Lunds 
Geol.-Min. Inst. 41). 
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uniform transverse curvature or are divided medially into two lobes. Near the 
center of each upper margin is a sharply rounded elevation in which the sand 
is not closely packed; it appears to have been made by the snail’s siphon. 
These elevations fuse into an annulate constricted ridge. Superficially, this 
tidge and a broadly rounded elevation somewhat wider than the burrow are 


distinctly visible. 
Olivellites plummeri sp. nov. 


Description —All essential characters of this species are mentioned in the 
generic description. The burrows are 16 to 21 mm. in width and are abruptly 
contorted. The central ridge is 1.5 to 2.5 mm. wide; the layers number 4 to 
7 in 5 mm., being most compact where the burrow is widest and least coiled. 
Depth is not significant, since the burrow filling has been compressed. Such 
compression appears to explain the intermittent division of the layers into two 


lobes. 


Occurrence.—Sandstones of the Cisco Group, 5 miles west of Cisco and 
5 miles east of Eastland, Eastland County, Texas. 


Holotype—No. M 19, Museum of the Bureau of Economic Geology, 


Austin, Texas. 


Fig. 1. Holotype of Olivellites plummeri sp. nov. x 0.5. 
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Archaeonassa: Cambrian Snail Trails and Burrows 


Carroll Lane Fenton and Mildred Adams Fenton 


Some years ago, we described and illustrated! snail trails in the lower 
Cambrian of British Columbia. Re-examination and collection of material in 
1936, with some modification of interpretation, permit us to describe them 
formally as a basis for correlation and further identifications. 


Archaeonassa gen. nov. 


Archaios, ancient; nassa (net), a genus of snails 
Genoholotype: Archaeonassa fossulata sp. nov. 


Description—Trails and burrows made by snails. Trails consist of regu- 
larly convex furrows, bounded by low, narrow, subangular ridges. The furrows 
are smooth only in those trails which are modified by water action. Others 
are crossed by rounded to subangular wrinkles which are convex in the 
anterior direction. Burrows are round, oval or irregularly elongate, deeper at 
one end than at the other; they generally terminate indistinct trails. They are 
distinct from round, abrupt pits and low mounds which seem to be the work 
of annelids. 


Discussion.—In our original account, we compared these markings with 
the trails made by small species of Littorina, as they crawl upon plastic, mica- 
ceous sand (Fig. 1). In a later paper,? we described the trails and burrows 
made by Ilyanassa obsoleta (Say) whose habits also resemble those of the 
snails which made the Cambrian traces. At some times, these snails plow deep 
furrows; at others they slip across wet sand or mud without leaving discernible 
trails. Commonly they stop, twist about, and dig round or oval pits in the 
mud. They may lie in these pits for a few minutes or for several hours; on 
leaving them, they generally slip over the high (anterior) rim of the burrow 
and depart without leaving trails. Similar characters, though without the 
Arthraria form, appear in these Cambrian fossils. 


The generic name implies these habit relationships with Nassa and Ilya- 
nassa; shells of the Cambrian snails are unknown. In sediments, laminae and 
ripple marks, strata containing Archaeonassa closely resemble tidal and sub- 
tidal flats in Washington and California, where we have watched snails make 
comparable traces. Those flats are rich in carbon dioxide produced by decay- 
ing organic matter, and contain few dead shells. Littorina, Ilyanassa, Macoma 
and even Schizothaerus valves are readily dissolved after death; aged shells 
generally show solution on spires and umbos even during life. There is little 


1 This Journal 12:401-405, 1931. 
2 Pan-Am. Geol. 61:264-266, 1934. 
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chance, therefore, that petrified shells will be found with these traces, unless 
both occur in limestones or dolomites. 
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ic, mica- Fig. 1. Littorina sitchana Philippi crawling upon wet intertidal sand, False Bay, 

burrows San Juan Island, Washington. 

of the 

Archaeonassa fossulata sp. nov. 

> in the Pl. 1, Figs. 1-2 

Lamia Description—Characters are specified in the generic description. Trails 

uae a are 1 to 7 mm. wide, measured between crests of furrows, but appear to be 
the work of snails with identical habits. A furrow 1 mm. wide and 50 mm. 
long ends in a pit whose diameter is 1.4 mm. Other pits measure 2 to 9 mm. 

d Ilya- in greatest diameter and 1.8 to 3.2 mm. in depth. 

and 

sub- Occurrence ——Lower Cambrian: argillaceous, highly micaceous sandstones 

5 mebe interbedded with gray dolomites in No. 4 of Walcott’s Mount Whyte sec- 

decay- tion. Ross Lake (type locality), O’Hara Valley, and cliffs near McArthur 

lacoma Pass, Yoho National Park, British Columbia. 


| shells 
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Holotype.—46,972; Paratype —46,973, Princeton University. 


3 Smithsonian Misc. Coll. 75:308, 1928. 
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FIGURES 


1-2. Archaeonassa fossulata sp. nov. 


1. Portion of holotype showing trail with distinct ridges. x 1. 


2. Another layer in the holotype, showing trails of several sizes and burrows. x I. 


(46,972 Princeton University.) 
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Pleistocene Fossils from Newfoundland Collected by 
Expeditions from Princeton University* 


Horace G. Richards 


It has been known for some time that portions of the island of New- 
foundland were covered by the sea after the retreat of the last (Wisconsin) 
glaciation. This submergence has been recognized by various geologists, and 
Daly has indicated the probable isobases showing depths to which parts of the 
island were covered by this post-glacial sea. Although shells were noted by 
these writers, and Murray mentions a few of the commoner species, no com- 
plete list has ever been published. 

Through Dr. A. K. Snelgrove, Newfoundland Government Geologist, the 
Pleistocene fossils collected by several expeditions to Newfoundland organized 
by Princeton University (1915, 1916, 1919, 1931-36) were offered to the 
writer for study. 

Eight localities were represented, all except one being on the west coast of 
the island, mostly in the vicinity of the Bay of Islands. One locality, Bot- 
wood, lies on the north coast, on an arm of Notre Dame Bay. 


The following data on the localities were prepared by Dr. Snelgrove, 
John M. Cooper, L. W. Knapp, and other members of the Princeton Expedi- 
tions. Additional notes were furnished by Dr. A. O. Hayes and Dr. H. 
Johnson of Rutgers University, who collected in Newfoundland in 1936. 


1. Blow Me Down Creek—Clay bank on Blow Me Down Creek, Bay of Islands, 
\4 mile from shore; 15 feet above sea level. 

2. Lark Harbor—-Terrace on the shore of Lark Harbor, Bay of Islands. The ter- 
race is about 35 feet high and the shells were taken from a spot about 15 feet above 
sea level. 

3. York Harbor—Clay bank along east shore of York Harbor, Bay of Islands 
Region, about 8 feet above high tide. 

b 4. Corner Brook—Terrace 250 feet back from shore and approximately 40 feet 
igh. 

5. Parsons Pond—Eastera shore. 

6. Robinsons Head—At Robinsons Head on the west coast of Newfoundland some 
broken shells were found in bedded outwash glacial sands at 100 feet above sea level; 
similar much broken shells were found in place at higher elevations. (Collector A. O. 
Hayes, 1936.) 

7. Codroy Road—Unidentified fossil shells were noted in stratified blue-gray silty 
clay along the shore at Codroy (Road); elevation about 15 feet above sea level. (H. 
Johnson). 


8. Botwood—25 foot terrace on west side of Northern Arm Point. 
Fossils from the above localities are in the collections of the New Jersey 
State Museum and the Department of Geology of Princeton University. 


* Princeton University Contributions to the Geology of Newfoundland, No. 15. 
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In addition, fossils have been reported by earlier workers at the following 
localities: 


After Murray, 1882 
Bay Verte, near Terra Nova Mine—40 feet above high water. 
Tilt Cove in Notre Dame Bay—60 feet elevation (Mya truncata and Saxicava 
rugosa ). 


Rabbits Arm Mine on southwest coast of Notre Dame Bay—about 60 feet elevation 
(Mya, etc.). 


Port au Port—56 to 60 feet elevation (Mytilus edulis). 


After Twenhofel, 19/2 
Sea cliff on west side of Port Saunders—a few feet above high tide. 
Five or six miles south Hawke Harbor—a few feet above high tide. 
Bell Burns Cove, just south of Table Point—(‘‘clams” found in well 40-50 feet above 
tide). 
After Daly, 192/ 


Between Benoits Cove and Curling (Bay of Islands)—75 feet above high water 
(Pecten islandicus )—also reported 50 feet higher at same loocality. 


After Coleman, 1926 


Curling—a well showing marine shells about 140 feet above sea-level; till above and 
elow. According to Coleman these are interglacial. 


After Schuchert and Dunbar, 1934 ye 


Crow Head on St. George Peninsula—elevation 105 feet (“Saxicava arctica fauna’). 
Near Paynes Cove in Bonne Bay—elevation 102 feet (“Saxicava arctica fauna’). 


List of Species Identified 
PELECYPODA 


Mytilus edulis Linne — Bay of Islands; Parsons Pond (casts only); Bot- 


wood. Murray recorded this species from Port au Port and Bonne Bay, New- 
foundland. 


Saxicava arctica Linné — Bay of Islands; York Harbor; Botwood; Rob- 


insons Head. 


This is one of the commoner species. It is identical with S. rugosa Linné 
which was recorded by Murray from Tilt Cove in Notre Dame Bay. It is 
abundant throughout the post Wisconsin deposits in the St. Lawrence and 
Champlain valleys as well as in James Bay. 

Mya truncata Linné — Bay of Islands; Lark Harbor; York Harbor; Cor- 
ner Brook (fragments). 

This species was recorded by Murray from Tilt Cove in Notre Dame Bay. 
It is common in northern post glacial deposits as well as living in present 
northern seas. 

Mya arenaria Linné — Parsons Pond; Botwood. Not as common as the 
above. 

Macoma calcarea Gmelin — Bay of Islands; York Harbor; Parsons Pond. 

Macoma balthica (Linné) — Botwood. Not as common as the above. 
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Cardium ciliatum Fabricius — Blow Me Down Creek (rare); Parsons Pond 
(fragments) . 

Pecten islandicus (Miiller) — York Harbor (one shell); Parsons Pond 
(numerous shells and casts). 

Nucula expansa Reeve — Blow Me Down Creek. 

Astarte striata Leach —Bay of Islands; York Harbor; Parsons Pond; 
Botwood. 

This species has been confused with A. banksii Leach and A. compressa 
(Linné). The Newfoundland specimens appear to be similar to some collected 
from James Bay and are referred to typical striata Leach. 


GASTROPODA 
Littorina rudis (Maton) — York Harbor; Botwood. Not common. 
Natica groenlandica Miller — Bay of Islands; Lark Harbor; York Har- 


bor: Parsons Pond. 


CIRREPEDIA 
Balanus crenatus Bruguiére—Bay of Islands; York Harbor; Parsons Pond. 
Fragments of this barnacle were found at the above places. 


Significance of the Species 


All these species live in the same region today and are rather generally 
distributed throughout northern seas. With the exception of the barnacle 
(Balanus crenatus Bruguiére) all were found in postglacial deposits of the 
James Bay region. Their synonymy and distribution were more fully discussed 
in a recent report by the writer on some mollusks obtained on a visit to James 
Bay in 1933 (Richards, 1936). 

It is probable that these two faunas are approximately contemporaneous in 
age, both having been deposited shortly after the retreat of the Wisconsin 
glacier from the region, while the land was still depressed because of the 
weight of the ice. The release of this load gradually caused the land to rise, 
and consequently the sea withdrew, leaving these fossils on raised beaches or 


terraces. 
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Additional Fauna of Edson Quarry of the Middle 


Pliocene of Kansas' 
Claude W. Hibbard 


The finding of a new Heteromyid rodent on the dumps that now mark 
the once prominent Edson quarry warrants bringing up to date the records 
of this large plains fauna. The quarry has been thoroughly excavated in the 
last three years by one of Frick’s field parties during which time the Museum 
lacked adequate funds to carry on the work started by the late H. T. Martin. 
Among the collections made during 1924, 1926 and 1928 are a number of 
forms still undescribed which have appeared only in the faunal lists. The 
remainder of the fauna will be published upon as soon as possible. 


Leptocyon shermanensis sp. nov. 


Holotype—No. 3608, University of Kansas Museum of Vertebrate 
Paleontology; right lower jaw, with alveoli of incisors, C, P;, Py, Ps, P4 and 
base of M,. Collected by H. T. Martin and party, summer of 1928. 


Horizon and Type Locality—Middle Pliocene, near the base of the Ogal- 


lala formation, Sherman county, Kansas; Sec. 25, T. 10S., R 38W.; Edson 
Beds. 


Diagnosis.—Slender tapering jaw; crowded incisors; canine long and 
sharply pointed; long and uncrowded premolar region; P; and P, with acces- 


sory cusps; cingulum weakly developed; large mental foramen below diastema 
between P, and Py. 


Description of Type—The lower jaw is slender for the large premolar 
and molar series. Length from posterior border of canine alveolus to posterior 
border of alveolus of M,, 62.8 mm.; diastema between C and P;, 7 mm. In- 
cisors crowded; I; largest with alveolus along ventral border of the canine. 
I, closely crowded against I; and smaller; I. directly dorsal to I,. Pj, peg 
like, with pointed crown; anteroposterior diameter at cingulum, 3.4 mm. A 
diastema of 2.8 mm. separates P,; and Py. Ps with weak cingulum, lacking 
the prominent heel of Leptocyon vafer; anteroposterior diameter, 8.5 mm. A 
diastema of 1.9 mm. separates Py and P3. P: with weak cingulum and pos- 
terior heel slightly developed, but not as strongly as in Vulpes f. fulvus. A 
small accessory cusp is present posterior to the protoconid; anteroposterior 
diameter, 9.9 mm. Greatest width of Ps at base is 3.4 mm. The tooth is 
very natrow for its size. A short diastema separates P3; and Py. Py with 
slightly stronger cingulum than P3; heel not prominent; two accessory cusps 
are present posterior to the protoconid. The first accessory cusp is well de- 


1 The study involving the description of these species has been forwarded by a 
grant from the University of Kansas Graduate Research Fund. 
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veloped and much larger than the second; its surface is worn, while the second 
cusp is only slightly developed and shows no wear. Anteroposterior diameter 
of Py, 11.2 mm.; greatest width, 4 mm. A short diastema separates Py and 
M,. The teeth do not touch. The crown of M, is broken at the base with 
the trigonid missing; anteroposterior diameter of Mj, 17.3 mm. The talonid 
is present; length of talonid 5.5 mm.; width of talonid at base of crown 6.2 
mm. The entoconid is weakly developed. The hypoconid is more strongly 
developed. There are no indications of a hypoconulid. The mental foramen 


Fig. 1. Leptocyon shermanensis Hibbard n. sp., holotype, showing lingual 
view of right mandible, x 1. No. 3608 K. U. M. V. P. 


is large and located ventral to the diastema separating P,; and Py. A small 
foramen is present under P. 


Remarks.—Leptocyon shermanensis is distinct from Leptocyon vafer in 
both size and dentition. The dentition is too primitive to place it in the 
genus Vulpes. In comparison with other fossil forms it seems distinct and 
will probably warrant generic rank when more adequate material is known. 

This is the specimen listed by Hibbard, 1934 in the “Transactions Kansas 
Academy of Science,” Vol. 37, p. 247 as Vulpes cf. vafer (Leidy). 


Mylagaulus monodon Cope 


In the collection of fossil vertebrates taken from the Edson quarry during 
the summer of 1926 are fragmentary remains of a specimen (No. 3611, 
K.U.M.V.P.) of Mylagaulus referable to the species monodon. The frag- 
ments consist of a broken left mandible; the anterior portion contains the 
incisor and alveolus of P4; the posterior portion of the mandible is incomplete 
and contact can not be made with the anterior part but it contains the alveolus 
of M,; and My and Mg. There is also an associated fourth premolar and 
right femur. 


The lower incisor is 4.8 mm. in width. Its proximal part passes along 
the lingual side of Py and My, and crosses to the labial side of the jaw be- 
neath Mo, while Mz is lingual to its dorsal surface. The diastema between 
the incisor and P, is 10.5 mm. The alveolus of Py has an anteroposterior 
diameter of 16.8 mm. Mg is directly posterior to Py with their crown surfaces 
in contact. M, is represented only by the alveolus which is located labially 
to Py and Mg; it has been tightly crowded out of the tooth row but retains 
its position in relation to the tooth series. My, is single rooted and about one- 
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half the size of My and larger than the greatly reduced Mz. Mz is nearly 
hypsodont but retains evidence of two roots. The crown is nearly round, 
containing four enamel lakes, the greatest width being 4.1 mm. Ms is greatly 
reduced, with crown surface unworn; alveolus width, 2 mm. 


The fourth premolar has an anteroposterior diameter of 13.1 mm.; greatest 
transverse width of crown, 7 mm.; eight enamel lakes are present arranged in 
three longitudinal rows. 


Dipodomys kansensis sp. nov. 


Holotype—No. 3945, University of Kansas Museum of Vertebrate 
Paleontology; left lower jaw, bearing incisor, Py, alveoli of M,, M, and M,; 
angle, condyle and coronoid process missing. Collected by Claude W. Hib. 
bard, July 1936. 


Fig. 2. Mylagaulus monodon Cope, (a) showing occlusal and lingual, 
(c) labial view of left mandible, (b) premolar. x 2. No. 3611 
MV. P. 
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Horizon and Type Locality.—Middle Pliocene, near the base of the Ogal- 
lala formation, Sherman county, Kansas; Sec. 25, T. 10S., R. 38W.; Edson 
Beds. 

Diagnosis —P4, high crowned, with two roots and X-pattern, smaller 
than Mi, and as large as My or larger; M; and My subequal; Mz; greatly 
reduced, considerably smaller than Py and My; M, with two well developed 
roots; My and M3 single rooted; masseteric ridge well developed, ending in a 
strong process; tendency toward a slight pit between M3 and coronoid process; 
a large foramen is present slightly i and labial to M3, it enters the 
ramus below the alveolar border of M3; a very slight grooving is present on 
lingual side of incisor. 


Description of Type—The lower jaw is intermediate in size between that 
of Microdipodops m. lucidus and Dipodomys m. merriami. Length of tooth 
series (Py-M3) from the posterior edge of the alveolus of M. to the anterior 


Fig. 3. Dipodomys kansensis Hibbard, 
n. sp., holotype, showing labial view of 


2 left mandible. x4. No. 3945 K.U.M.V.P. 


edge of the alveolus of Py is 4.5 mm.; depth of mandible below P, is 4 mm.; 
length of diastema from anterior border of Py to posterior border of the incisor 
alveolus is 4mm. Py, is high crowned, with two developed roots, the anterior 
being the larger. My, largest of teeth, with two well developed roots. My 
smaller than M, and not larger than P, if as large; single rooted with alveolus 
extending into the mandible at a 45° angle toward the posterior portion of the 
mandible along the labial side of the incisor. M23, greatly reduced, single 
rooted, considerably smaller than Py and situated on the lingual side of the 
mandible. There is a slight pit just posterior to M3, and anterior to the in- 
cisor where the incisor curves upward into the ascending ramus. At the labial 
side and anterior edge of the pit is a large foramen entering the mandible 
below the level of the alevolus of M.. The masseteric ridge is well devel- 
oped having the same relationship as in Dipodomys, and ending in a strong 
process. Mental foramen normal and well developed. A very slight groove 
is present on the inner side of the incisor but not as well developed as in the 


living forms of Dipodomys. 


Discussion —Dipodomys heretofore has been known only from the Upper 
Pliocene. Dipodomys kansensis carries the form well back into the Middle 
Pliocene. At the time of its occurrence one would look for a closer relation- 
ship with that of Cupidinimus than the genus Dipodomys. The development 
of the masseteric ridge, the location of the mental foramen and the presence of 
the large foramen between the base of M.; and the coronoid process are as 
those found in Dipodomys. The pit between the base of M.; and the coronoid 
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process is not as deeply developed as in Dipodomys for it is shown only by a 
very slight depression. The rooted condition of Py and M, corresponds to 
that found in Cupidinimus while the slight groove along the lower incisor 
again is a character of Dipodomys. The form seems to be a transitional stage 
between Cupidinimus and Dipodomys. 


Dipodomys kansensis is more primitive in structure than D. minor and 
D. gidleyi due to the presence of the rooted Py and M,. 


Peromyscus martinii sp. nov. 


Holotype——No. 3850, University of Kansas Museum of Vertebrate 
Paleontology; part of right maxillary bearing M? and M®%. Collected by H. 
T. Martin and party, summer of 1928. 

Horizon and Type Locality.—Middle Pliocene, near the base of the Ogal- 
lala formation, Sherman county, Kansas; Sec. 25, T. 10S., R. 38W.; Edson 
Beds. 


Diagnosis ——M? and M® longer and broader than that of Peromyscus l. 
aridulus and P. I. noveboracensis. Dentition pattern shows more simple 
structure than that of living forms. 


Description of Type-—M2? and M3 larger than that of the M? and M8 
of the large individuals of the Peromyscus leucopus group now found in 
Kansas; the teeth are not only slightly longer but also broader, and possess a 
more simple pattern in that there is not an accessory tubercle posterior to the 


the first outer cusp of M2. 


Fig. 4. Peromyscus martinii Hibbard, n. sp., hol- 
otype, showing occlusal view of right M2 and M3, 


x 15. No. 3850 K.U.M.V.P. 


Remarks.—Regardless of the fragmentary condition of the specimen, the 
geological formation and geographical position warrant its being placed upon 
record. 


Additions to the Faunal List published by Hibbard, 1934, in the “Trans- 
actions Kansas Academy of Science,” Vol. 37, p. 247, may be made as 
follows :— 

Colymbus nigricollis. 
AVES Scolopacidae sp. 
Corvidae sp. 
Wermore, A. 1937—The Eared Grebe and other Birds from the Pliocene of Kansas. 
Condor 39(1) :40. 
RODENTIA Kansasimys dubius Wood. 


Woop, A. F.. 1936—A New Rodent from the Pliocene of Kansas. Jour. Paleo. 
10(5) :392-394. 


MuseuM oF VERTEBRATE PALEONTOLOGY, 
UNIVERSITY OF KANsaAs, 
LAWRENCE, KANsas. 
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The Skull of Mylodon harlani from the 
Lower Pleistocene of West Texas 


C. Stuart Johnston 


INTRODUCTION 


The Mylodon harlani Owen, described by Lull (1915) from the Lower 
Pleistocene of Rock Creek, Texas, is known from almost complete skeletal 
remains. These remains were not found articulated but probably represent 
several individuals. However, the parts of skulls found by Lull were very 
fragmentary. For that reason, it is considered important that our knowledge 
of this Texas form be supplemented by craniometric measurements. 


It was the writer’s good fortune during the past year to have maintained 
a field party for the West Texas State Teachers College, at the Rock Creek 
locality formerly worked by Lull. Among many other fine specimens that 
were collected was the almost complete skull of Mylodon harlani. Parts of 
other Mylodon skulls were found, and from the brain case of one of these a 
cast was made. Plate 2, Fig. 3. 


The skull described by Lull from Rock Creek was somewhat fragmentary. 
His description follows: 

The elements represented are the complete occiput with both condyles, the palate 
to the inner margins of the dental alveoli of the four posterior molars, part of the left 


squamosal, the left jugal, two portions of the right mandibular ramus, and the symphy- 
sis of the jaw, all of which because of size agreemeni have been referred to our speci- 


men, No. 10264. 
DESCRIPTION OF MATERIAL 


Plate 1, Figs. 1 and 2; Plate 2, Figs. 1, 2, and 3. 

The specimen to be described here was found 1674 feet from the south 
line and 622 feet from the west line of Sec. 208, Block G. & M., D. & 
S.E.R.R. Co. Survey, Briscoe County, Texas, at an elevation of 3233 feet 
above sea level. It is complete with the exception of the following parts which 
are missing: A large portion of the right frontal, the anterior ends of the 
nasals, the anterior end of the right maximillary and the anterior process of 
the right squamosal. The alveoli are all in a perfect state of preservation, 
and the first, fourth, and fifth teeth are in them on the right side, and the 
fifth on the left. The pterygoids were intact in the specimen, but due to an 
accident their ventral portions have been lost. 


Viewing the skull from the side it has a distinctly flattened dorsal surface, 
but rises into a slight convexity in the region of the postorbital processes. An- 
terior to the orbits, it seems to be foreshortened, being deep and slightly flaring 
toward the anterior end. Posterior to the orbits the cranium gradually broadens, 
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PLATE 1 
Mylodon harlani Owen x .21. 


Fig. 1. Dorsal view of skull. 


Fig. 2. Ventral view of skull. 


being relatively much wider toward the posterior ends of the squamosals. 
Looking at the skull from the posterior end, an almost circular profile of the 
supraoccipital is seen, at the ventral margin of which are the occipital condyles. 
The basioccipital is broad and concave but rises, slightly just anterior to the 
foramen magnum which enters the brain case at a low angle, but not enough 
so to indicate that the animal was anything other than a browser, although 
the axis of the head was inclined slightly to the axis of the vertebral column. 


466 
in 
ro 
is 
he 
pt 
ne 
— 
ing 7. 


amosals, 
le of the 
ondyles. 
r to the 
enough 
although 
column. 


SKULL OF MYLODON HARLANI 467 


The palate is long and narrow, being widest anteriorly, and tapering rapidly 
in a posterior direction. Thus it is widest between the first teeth and nar- 
rowest between the fifth teeth. Between the second and fifth molar the palate 
is convex in the sagittal plane, and very rugose. Posterior to the fifth molar, 
however, and anterior to the postpalatal notch it is very smooth and flat. The 
pterygoids extended downward and outward into two flaring plates, which do 
not show in the figure as it was made after they were lost. The temporal 
impressions are broad and circular in outline marking off the rugose surface 
of the skull for the attachments of the temporal muscles. Though they 
approach dorsally they do not intersect, but are separated by the flat dorsal 
surface of the skull as shown in the figure. 


PLATE 2 
Mylodon harlani Owen 


ide view of skull x .18. 


Fig. 3. Side view of brain cast x .31. 


Fig.-2. Posterior view of skull x .2. 
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CRANIAL MEASUREMENTS 


Length from anterior margin of maxillaries to posterior end of occipital 
condyles 

Length of palate from anterior end of maxillaries to postpalatine notch 

Greatest width measured across ventral surface anterior to first teeth 

Width of palate measured between inner sides of anterior lobes of fifth super- 
ior teeth 

Width of palate measured between inner sides of second superior teeth 

Diameter of palate 27 mm. posterior to fifth superior molar teeth 

Least distance from fifth superior tooth to middle of pospalatine notch 

Greatest width across occipital condyles 

Transverse diameter of foramen magnum 

Dorso-ventral diameter of foramen magnum 

Greatest width of muzzle 

Least width behind the postorbital processes 

Height measured from plane of basioccipital to dorsal plane 

Transverse diameter of posterior end of skull 41 mm. dorsal to foramen 
magnum 

Width across the postorbital processes 

Width of skull across posterior ends of the squamosals 

Least distance between temporal impressions on dorsal surface of skull 

Length of dental series as measured on the alveoli 


MEASUREMENTS OF THE ALVEOLI 
I 2 3 
Anteroposterior 32 28 
Transverse 20 20 27 


RELATIONSHIPS 


In his discussion of the fauna from the Equus Beds, Cope (1892) refers 
to several incomplete specimens of the genus Mylodon, which he seems to 
have found in the vicinity of Rock Creek, Texas. It appears, however, that 
the material was too fragmentary for specific identification at that time, though 
there is but little doubt now that Cope’s specimens were those of Mylodon 
harlani. 


Stock (1914) states that the variations shown in the series of specimens 
from Rancho La Brea are not sufficiently important and constant to make 
necessary the recognition of more than one species. 


The M. h. tenniceps described by Stock (1917) is more slender in its 
general proportions, and aside from its difference in dentition, does not ex- 
hibit the same prominence of the temporal impressions, and the flattening 
between them as does the Rock Creek specimen. 


As compared to the M. harlani described by Stock (1925) from Rancho 
La Brea, there is no recognizable difference that might not be ascribed to in- 
dividual variation. 


The Paramylodon nebrascensis described by Brown (1903) does not differ 
materially from the Rock Creek specimen. The fact that the Paramylodon 
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had only eight molar teeth as compared to ten in the Rock Creek specimen 
would seem to be of no specific or generic importance. Other differences 
are slight, as are also the differences between our specimen and those collected 
at Rancho La Brea. While the writer has not computed the standard devia- 
tion for the Rancho La Brea skulls, it is believed that the skulls from Rock 


Creek would fall well within the allowable limits of variation for the species. 


CONCLUSION 


It is the conclusion, therefore, that the skull from the Lower Pleistocene 
of Rock Creek, Texas, is that of Mylodon harlani Owen, and that such varia- 
tions as do exist are not of sufficient importance to justify the naming of a 
new species, or the recognition of a new variety. 
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Book Reviews 


FORTSCHRITTE DER ZOOLOGIE, Neue Folge, herausgegeben von Max Hart- 
mann. Band |, Bericht iiber das Jahr 1935. Gustav Fischer, Jena, 1937. vi -+ 548 
pp. 16 figs. RM 24.00. 


As a result of the widely specialized lines of research pursued within the realm of 
biology the ability of the individual worker to keep himself informed regarding the 
advances made in related and more remote fields is rapidly decreasing and approaching 
the impossible. Hence any attempt to sieve the essence from the bulk should be wel- 
comed by all serious students of biology. Botanists have in this respect led the way 
by founding two journals within the past five years devoted entirely to averting this 
danger of losing sight of cognate fields. While similar undertakings have been founded 
before to cover certain aspects of biology the appearance of the first volume of such 
a venture concerned with zoology as a whole is therefore a most welcome event. 


Under a new editorial policy the present series Fortschritte der Zoologie is destined 
to become an indispensible source of reference that should be on the shelves of all 
institutional and many private libraries. The editorship of so distinguished a_ biologist 
as Max Hartmann secured the collaboration of 24 outstanding specialists to review 
their respective fields and assures competence and adequate selection. 


This being the first volume of its kind the literature of earlier years is frequently 
referred to in order to serve as a background against which the advances of the year 
1935 (and many of 1936) are readily shown. While the vast amount of literature 
published obviously prevents exhaustive treatment the individual reviews are surprising 
in their relative completeness. 


The book is divided into five more or less equal parts devoted to A) Morphology, 
B) Systematics and Phylogeny, C) Comparative Physiology of metabolism (Stoff- und 
Energiewechsel), D) Physiology of reproduction, development, and genetics (Form- 
wechsel), and E.) Ecology, respectively, each of these in turn (except the last) is sub- 
divided into several chapters. 

In conclusion this series will prove an invaluable aid in any attempt to gain an 
adequate picture of the status of the various zoological subsciences and will constitute a 
reliable guide through the jungle of zoological literature collected in abstracting journals 
en masse.—TH. Just. 


OKLAHOMA FLORA, by Thomas R. Stemen and W. Stanley Myers. Oklahoma 
City, Harlow Publishing Corporation, 1937. Cloth, xxix -+ 706 pp., illustrated. 
$6.00. 


Few states in the mid-west have had special floras. Hence the announcement of 
the first flora of Oklahoma aroused in botanists hopes which the book's actual arrival 
proved to be unwarranted in several respects. At a time when the American Code of 
Nomenclature is largely obsolete a flora employing it is somewhat anachronistic although 
names based on the International Code are added in parentheses. The deliberate 
omission of such important families as grasses, sedges, and rushes is an obvious defect 
in a book devoted to the flora of a state belonging to the prairie region and can be 
excused only on grounds of the lack of popular concern therewith. Another deplorable 
feature is the uneven quality of the illustrations included. While most line drawings 
are rather satisfactory, a number of half-tones are definitely inferior and inadequate. 
The use of English designations for taxonomic units higher than the families is in 
striking contrast with the Latin names of the latter. Certain definitions in the “glossary” 
do not conform with standard versions. Moreover the complete absence of references 
is conspicuous. Several appendices listing hay-fever plants, edible and poisonous plants, 
drug-producing plants, shore and aquatic plants useful as food or shelter for fish etc. 
will be found serviceable. It is however believed that the book will assist in developing 
interest in the flora of the state and it is hoped that it may be followed by a complete 
and thoroughly scientific edition—TH. Just. 
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